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PREFACE. 



Regent progress in the art of assaying as it was defined 
years ago, and in those rapid quantitative determinations 
now generally termed assays, has made necessary the 
present manual of assaying, which is designed to replace 
"Notes on Assaying and Assay Schemes," published in 
1876 and revised in 1879. The general arrangement is the 
same, and it is hoped that the present work will fill as well 
the wants of both the practical assay er and the student. 

Many new and rapid methods are included, taken from 
various journals, to which the references are given, but in 
no case has any method been described which has not been 
found successful when tested in the Assay Laboratory of 
the School of Mines, Columbia University. 

Some familiarity with chemical operations and appa- 
ratus is presupposed, so that the ordinary analytical manip- 
ulations are but briefly mentioned, and only the special de- 
tails necessary to the success of the method given in full. 

We have not adopted the new chemical spelling, as it is 
not as yet in general use among practical men. 

This work embodies the system of assaying practiced in 

Columbia University, as organized and developed by Prof. 

C. F. Chandler, and by G. M. Miller, E. C. H. Day, P. Prime^ 

ill 



IV PREFACE. 

Jr., T. M. Blossom, and the authors of these notes, who 
have successively had charge of the Assay Laboratory. 

We take pleasure in acknowledging our indebtedness to 
Prof. A. J. Moses for the use of his blowpipe tables, to Dr. 
H. T. Vult^ for the qualitative schemes arranged specially 
for this book, to Dr. J. H. Banks for revision of the labora- 
tory tests on ores, to Dr. P. C. Mcllhiney for the bromine 
extraction test, and to Mr. J. A. Mathews, Assistant in As- 
saying, for aid in testing the charges and methods given. 

Pierre de Peyster Ricketts, 
Edmund H. Miller. 

Abbay Laboratobt, Columbia UNnrERBiTT, November, 1896. 



PREFACE TO SECOND EDITION. 

In presenting this revised edition of Notes on Assay- 
ing to the public, the authors wish to acknowledge the 
favorable reception extended to the previous edition and 
to call attention to the only radical changes. 

The scorification method for tellurides has been aban- 
doned upon ample proof of its inaccuracy. The definition 
of normal solution (except in the silver bullion assay), in 
use, is the equivalent of the active constituent in grams 
per liter. Much confusion has existed on account of the 
two definitions of the word normal, which we hope to 
diminish by adopting that in most general use. 

The book has been thoroughly revised, typographical 

errors corrected, and many slight improvements added. 

P. DE P. R. 

E. H. M. 
Columbia Ukiyebsity, August, 1899. 
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PART I. 

INTROrUCTION, APPARATUS, REAGENTS AND 
CHEMICALS, OPERATIONS. 



INTRODUCTION. 



Assaying has for its object the determination of the 
elements in their various compounds, such as ores, alloys, 
and furnace products. 

The rules are empirical, and a knowledge of chemistry 
IS not absolutely necessary, although the assayer will find 
that a familiarity with chemical laws and reactions will 
greatly facilitate his work. The following is a list of the 
elementary bodies, with the exception of one or two re- 
cently discovered, and their atomic weights and symbols. 
An element is a body which chemical research has failed 
to reduce to a more simple form, or separate into con- 
stituent parts. The symbol of an element is generally the 
first letter or letters of its Latin name ; and its atomic 
weight is the smallest amount of that element which will 
enter into combination with other elements ; the first col- 
umn of figures gives the atomic mass referred to hydrogen 
as unity, the second to oxygen as sixteen. Both sets of 
values are given, as recent determinations have shown that 
the ratio of oxygen to hydrogen is not exactly 16 : 1. The 
values in the second column are generally used. 
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ATOMIC MASSES. 



Name. 



Aluminium. . 
AnlimoDy. . . 

Argon 

Arsenic. . . . 

Burium 

Bismutb 

Boron 

Bromine. . . . 
Ciidmium... 

Caesium 

Calcium 

Carbon 

Cerium 

Clilorine. . . . 

Cbromium. . . 
Cobalt....... 

CoUimbium 

Copper 

Erbium 

Fluorine. .. . 
Gadolinium. 

Qallium 

Qermaiiium. 
Glucinum. . . 

Gold 

Helium 

Hydrogen.. . 

Indium 

Iodine 

Iridium 

Iron 

Lnntbanum. 

Lead , 

Litliium 

Magnesium.. 
Manganese.. 
Mercury. . . . 



H = l. 



26.91 
119.52 

? 
74.52 
186.40 
206.54 
10.86 
79.34 
111.08 
181.89 
89.78 
11.92 
189.1 
85.18 
51.74 
58.49 
93.8 
68.12 
165.0 
18.89 
154.9 
68.5 
71.75 
9.01 
195.74 
? 

1.0 
112.8 
125.89 
191.66 
55.60 
137.6 
205.86 
6.97 
24.11 
54.57 
198.5 



Otri8. 



Name. 



27.11 
120.48 
? 
75.09 
137.43 
208.11 
10.95 
79.95 
111.98 
182.89 
40.08 
12.01 
140.2 
85.45 
52.14 
68.93 
94.0 
68.60 
166.8 
19.03 
156.1 
69.0 
72.3 
9.06 
197.24 
? 

1.008 
113.7 I 
126.85 
193.12 
56.02 
138.6 
206.92 
7.03 
24.29 
54.99 
200.0 



Molybdenum . . . 
Neodymium. . . . 

Nickel 

Nitrogen 

Osmium; 

Oxygen 

Palladium 

Phospborus. . . . 

Platinum 

Potassium 

Praseodymium. 

Kbodium 

Rubidium 

Kutbenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulpbur ...,», 

Tantalum 

Tellurium 

Terbium 

Thallium 

Tborium 

Thulium 

Tin. 

Titanium. 

Tungsten. 

Uranium . 

Vanadium. 

Ytterbium. 

Yttrium. 

Zinc 

Zirconium. 



= 16. 



95.26 ; 
139.4 
58.24 
18.94 
189.55 
15.879 
105.56 
80.79 
193.41 
88.82 
142.4 
102.28 
84.78 
100.91 
148.9 
43.7 
78.4 
28.18 
107.11 
22.88 
86.95 
81.88 
181.2 
126.1? 
158.8 
202.60 
230.87 
169.4 
118.15 
47.79 
183.44 
237.77 
50.99 
171.7 
88.28 
64.91 
89.9 



95.98 
140.5 
58.69 
14.04 
190.99 
16.00 
106.86 
81.02 
194.89 
89.11 
148.5 
103.01 
85.43 
101.68 
150.0 
44.0 
79.0 
28.40 
107.92 
28.05 
87.61 
32.07 
182.6 
127.0 ? 
160.0 
204 15 
232.63 
170.7 
119.05 
48.15 
184.84 
239.59 
51.38 
173.0 
88.95 
65.41 
90.6 



The above table of the atomic weights of the elements 
was printed for the use of the students of the School of 
Mines, and contains the latest values as reported by the 
committee on atomic weights to the American Chemical 
Society, and published in the Journal Am. Chem. Soc, 
Mch., 1896. 



INTRODUCTION. O 

The various methods for the determination of the 
metals in their compounds may be classed under two 
heads : 

1st. "Dry way," or assaying proper. 

2d. '^ Wet way," or analysis 

The first includes all determinations by the direct ac- 
tion of heat, the various operations being performed in 
furnaces. 

The second head embraces the estimation and separa- 
tion of the elements by the action of solvents aided or 
unaided by heat, the use of furnaces not being essential. 

There are many cases, of course, where the first class 
merges into the second, and vice versa. 

It was originally intended to give in the following 
pages only a few concise methods for the estimation of the 
metals in ores and other compounds by fire assay ; but, as 
in many cases the dry methods have been replaced by 
volumetric methods which are both rapid and accurate, 
these are given in Part III, Further, as some metals are 
associated with others which are either of value or detri- 
ment, and whose determination is often necessary, a few 
schemes for the treatment of such compounds in the w^et 
way have been added. 

The various operations which may take place in making 
an assay proper, are— 

1st. Preliminary testing of the ore. 

2d. Preparation of the ore, sampling, pulverizing, etc. 

3d. Weighing out the ore and reagents. 

4th. Drying, calcination, and roasting. 

6th. Reduction and fusion. 
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6th. Distillation and sublimation. 

7th. Scorification and cupellation. 

8th. Inquartation and parting, including solution. 

9th. Weighing beads and bullion. 

10th. Tabulating results and reporting. 

All of the above will be described further on ; but as 
some of the operations require great care in their perform- 
ance, a few rules and hints for the guidance of the be- 
ginner may not be out of place. 

1st. Sample well and carefully, for without a fair sam- 
ple the assay will be useless. 

2d. Weigh carefully, and adjust the balance before 
and after weighing. 

3d. Always weigh an ore before drying, calcining, or 
roasting, and always roast thoroughly. 

4th. Never fill a crucible or scorifier more than three- 
quarters full, and when a crucible is removed from the fire, 
tap it gently on the fioor to settle the metal, unless other- 
wise directed, and keep the crucible covered. 

5th. To break a crucible, hit vidth a medium-sized rivet- 
ting hammer near the centre, so as to break oflf the top at 
one blow. Then lay the bottom on the anvil, and crack it 
through to get the button out whole. Never break until 
perfectly cold. 

To break a scorifier, lay it bottom up on the anvil ; en- 
circle with the hand, and then strike the bottom. The 
button will generally come out free from slag. 

6th. Never take a scorification or cupellation from the 
furnace to finish at a future time, but complete the opera- 
tion at once. When buttons are to be scorified or cu- 
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pelled, be sure that they are free from moistnre, and heat 
gradually. 

7th. Be certain that ail reagents used in an assay are 
dry and pure, especially when testing for the precious 
metals. 

8th. In reporting results, recollect that a fire assay 
does not always give the exact amount of metal contained, 
but often shows only what the yield of an ore would be in 
smelting, and that the assay of a small piece of ore can- 
not represent the average value of the bed or vein from 
which it may have been taken, and word your rei)ort ac- 
cordingly. 

9th. Always observe the color and character of the slag 
produced in an assay, as the nature of the ore treated may 
often be determined in this way. 

10th. Never accept the results of an assay where the 
fusion has been incomplete, the button formed being small 
or brittle ; where the scorification slag is lumpy or masses 
of ore are found adhering to the sides of the scorifier, or 
when the button freezes or sprouts in cupellation. 



MANIPULATION, FORMULA, AND CALCULATION. 

The various operations of weighing, mixing, charging, 
etc., will be described under their appropriate heads ; and 
it only remains to give a few hints on operations necessary 
in the performance of assays in the wet way. 

Precipitation.— This operation is the sudden con- 
version of a dissolved body into the solid state, either 
by a modification of the solvent, or decomposition with 
the formation of a new compound. 

The separation of a precipitate is generally aided by 
the action of heat and agitation. 

Porcelain and glass vessels are the best. 

In adding the necessary reagent pour in carefully until 
the precipitate ceases to form ; unless otherwise directed, 
a large excess of the precipitant should be avoided. 

Filtration. — Tliis operation has for its object the 
separation of the solid particles suspended in a fluid, from 
the same. Various substances might be used as a filter, 
but the best is unsized paper, which is prepared for the 
purpose by cutting a circular form and then folding it into 
halves and quarters, so that it will just fit into a funnel 
and not project above the rim. For quantitative work, 
the prepared Swedish filter paper will be found the best ; 
it should be cut into circular pieces as described, which 
should be of a size to suit the funnels ; and the ash left by 
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burning one of the same carefully determined. Filter 
papers practically free from mineral matter are also used. 
As a rule, it will be found best to moisten the paper with 
water before filtering, and to pour on firat the fluid por- 
tion of the mixture to be filtered. 

Decantation. — ^This is simply a substitute for filtra- 
tion, the clear liquor being poured off from the precipitate. 
To effect this the liquid is permitted to run down a glass 
rod held against the spout of the vessel, which should be 
inclined gently, so as not to disturb the precipitate. 

Washing. — This is best effected by using a glass flask, 
fitted with a cork, in which are inserted two glass tubes, 
one reaching to the bottom of the flask, and bent to any 
desired angle on the outside, the end being drawn to a 
point. The second tube reaches to just below the cork, 
and is also bent on the outside, but not drawn to a point ; 
by blowing in this tube the water is expelled through the 
first. Warm water will be found the most effective. The 
completeness of the washing may be tested by evaporating 
a small portion of the filtrate on platinum foil, and noting 
the residue, or by suitable qualitative tests. 

Evaporation. — Porcelain dishes are the best for this 
operation ; but if the solution is to be evaporated to dry- 
ness it should be* conducted over a water bath. A sand 
bath may be used, but care should be taken to prevent 
loss by spattering. 

Ignition. — The washed precipitate, after being dried, 
is ignited to completely expel all moisture, or convert it 
into a constant or weighable substance. Tliis is best con- 
ducted by transferring to a weighed platinum crucible, 
and burning the filter paper over it, either on the inverted 
cover, or by wrapping it in a coil of platinum wire and 
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holding it over the crucible. The ash should be heated 
until white, or nearly so. The whole operation must be 
conducted over a piece of glazed pai)er until the filter 
paper is burnt, after which the crucible and contents 
should be heated over a burner or lamp ; gently at first. 
The oxidation of organic or carbonaceous matter can 
often be hastened by adding a drop of nitric acid and then 
carefully heating. After ignition the crucible and con- 
tents should be cooled in a desiccator, to avoid absorption 
of moisture from the air. 

Formulae and Calculation. — The general methods of 
calculation will be given under the various assays, but it 
will be well to bear in mind the following : 

1st. The molecular weight of the compound found is to 
the molecular or atomic weight of its constituent which is 
sought as the weight of the compound is to the weight of 
the constituent. 

2d. The weight of the substance taken for assay is to 
the weight of the constituent sought as one hundred is to 
the per cent, of the same. 

The atomic weights will be found in the table on page 4. 
The molecular weight of a compound is equal to the sum 
of the atomic weights of the constituents of the same. 
Thus, H2SO4 (sulphuric acid) is equal to 21016 + 32.07 + 64 
= 98.086. The atomic weight of hydrogen (H) being 1.008, 
sulphur (S) = 32.07, oxygen (0) = 16. Two parts of hydro- 
gen being 2.016, four parts of oxygen = 64. 

Suppose in a coal analysis the percentage of sulphur is 
required, and that 1.5 grams of coal gave 0.2137 grams of 
barium sulphate. First, make the proportion : 

0.2137 : X :: 233.5 : 32.07. 

wt. BaS04 wt S molecular wt. BaS04 atomic wt. 8 
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Then x (wt. S in 1.6 grams coal) : y (the percentage of 

X 

sulphur) : : 1.6 : 100, or ^ 100 = % sulphur. 



BALANCES AND WEIGHTS. 

Four balances will be found useful in an assay labora- 
tory. 

a. — A rough scale lor weighing large samples of ores, 
metals, fluxes in bulk, etc. An ordinary grocer's scale 
will do for this purpose. 

5. — A balance lor weighing out ore for assay, and the 
buttons of the base metals. (Pig. 1.) This balance should 




Fig. 1. 



take ten ounces in each pan, turn with one-twentieth of a 
grain, and be provided with movable pans, level, and set- 



12 



BALANCES AND WEIGHTS. 



screws for adjusting. It is generally placed on a box, fur- 
nished with a drawer for weights. 

c. — An analytical balance, protected by a glass case, 
having agate bearings, sensitive to {^) one-twentieth of a. 
milligram with a load of a hundred grams (See Fig. 2). 




Pig. 2.— Modern Analytical Short Beam Balance. 
The short beam balance is to be preferred. 

d. — A bullion balance, similar to the analytical balance 
in construction but smaller and more sensitive. This bal- 
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ance is the most important, as well as the most expensive 
piece of apparatus in the assay ei^s outfit, and must be 
nsed with great care. 

We have found a balance made by Becker with a short 
aluminium beam graduated to fiftieths of a milligram 
on both sides with agate beanngs, and platinum pans 
supported on agate, most satisfactory. This balance is 
mounted on a thick glass plate and is capable of weighing 
accurately to one hundreth of a milligram, see Fig. 3. 




Fig. 3. —Bullion Balance. 



To adjust this balance remove all dust with a camels- 
hair brush, level exactly by turning screws underneath 
the balance, then turn the small screw on the right end of 
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the beam, very carefully steadying the hand against the 
balance case, until the indicator swings the same number 
of divisions on either side. 

The Weights employed by the assayer may be classi- 
fied as: 

a. — Avoirdupois for ores, base metals, and fluxes. 

6.— Troy for gold, silver, and platinum. 

c. — The French system based upon the gram as a unit. 
These weights can be used for weighing ores, fluxes, but- 
tons, and precipitates, and will always be found most con- 
venient, as they are on the scale of ten. 

d, — The assay weights, which is a system made up 
from a comparison of the three foregoing, will be found 
extremely simple and useful, saving a vast amount of 
calculation and labor (see table, page 263), 

The unit of the system is the assay ton = 29.166 grams. 
Its derivation will be seen at a glance. 

One lb. Avoirdupois — 7,000 Troy grains. 

2,000 lbs. - one ton. 

2,000 X 7,000 = 14,000,000 Troy grains, in one ton 
Avoirdupois. 

480 Troy grains = 1 oz. Troy. 

14,000,000 -> 480 = 29,166 + Troy ozs. in 2,000 lbs. 
Avoirdupois. 

There are 29,166 milligrams in one assay ton (A. T.) ; 
hence — 

2,000 lbs. is to 1 A. T., as 1 oz. Troy is to 1 milligram. 

Example.— Weigh an A. T. of ore, and if on assay it 
yields 1 milligram of gold or silver, the result reads one 
Troy oz. in 2,000 lbs. Avoirdupois, without further cal- 
culation. 
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Besides Avoirdupois and Troy weights the assayer will 
find the following necessary — 

1st. Gram weights from 50 grams to 10 milligrams 
(milligrams and fractions of a milligram are estimated 
by the rider) for weighing ore, etc., to be assayed by 
wet methods, also for weighing buttons of base metal. 

2nd. Assay ton weights 4 A. T. to ^ A. T. for gold and 

silver ores. 

3rd. A most accurate set of weights from 1 gram, to 1 
milligram, for the bullion balance. 

FURNACES AND FUELS. 

1st. Furnace fok Calcin- 
ing OR Roasting. — Fig. 4. 
represents two sections. 

The fireplace is made shal- 
low ; and, as a high tempera- 
ture is not required, it may 
be made of red brick, or only 
lined with fire-brick, and the 
body of the furnace bound 
with strap-iron. 

It should also have a cast- 
iron top-plate. 

The grate-bars may be in 
one piece or separate, and 
draw out. The ash-pit should 
be provided with a door, 
which may be closed or 
opened in order to regulate 
the draft. 

A hood of sheet-iron will 




r 





mmm^ 












" ■/'; 






1 


^ 



Fig 4. 
Scale \i inch to the foot. 
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also be found necessary in many cases, as the fumes given 
off in roasting are often injurious. It is an excellent plan 
to have tlie hood of galvanized iron to prevent rusting. 

The chimney may be of brick, iron, or clay. 

2d. Furnaces for Fusion or Melting (Figs. 6 and 
6). — These furnaces should be deeper than the preceding 




Fig. 5. 
Scale H-incta to the foot 

one, and like it, may be built of red brick ; but it is better 
to line them with fire-brick. 

For heavy work the furnaces should be low, to facilitate 
the lifting in and out ot crucibles. Sometimes a crane is 
added for this purpose. 
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The chimney ought to be of brick, and the higher it is, 
the stronger will be the draft. This may be regulated 
by a damper as well as by the ash-pit door. 

The tops should be of cast-iron, and the cover lift or 
shde easily. An iron shelf can be placed m tront to hold 
ingot moulds when metals are to be poured, as shown m 
Fig. 6, which shows in section the furnace used for deposit 
melting in the United States mints. 

3d. Muffle Furnaces for Scorification and 
CuPELLATiON. — Fig. 7 shows section ot a portable cupel 
furnace. 




Fig. 6. 
Scale >^-iDch to the foot. 



Fro. 7. 
Scale ^inch to the foot. 



The same furnace may be used for both operations, but 
generally it will be found convenient to have a larger 
muffle for scorification and a higher heat. 
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The muffles are made of refractory clay, and in one 
piece ; and should be thoroughly dried before using. 

The draft of the furnace ought to be sufficient to carry 
off lead fumes, which are injurious. The construction 
ot the furnace will vary with the fuel used and work to 
be done. 

Fig. 8 is an assay furnace for the use of soft coal. This 
furnace has the following advantages: 1st. Economy of 
fuel. A furnace containing 8xl4-inch muffles may be run 
for eight hours with not more than 100 lbs. of coal. Any 
tree-burning coal may be used (the CaQon City coal of Col- 
orado — a lignite — gives very excellent results at Pueblo). 
2d. Economy ot construction. Very few fire-brick and 
other material are required, and the furnace may be built, 
exclusive of stack, for from $25 to $50. 3d. Saving in 
muffles. The muffle not being in contact with the tuel, 
and subjected only to the action of the flame and gases, 
does not become covered with slag, but always remains 
clean and is easily heated. When two muffles are em- 
ployed, the upper one is sufficiently hot for cupellation, 
but not for scorification. The coal should be broken to the 
size of the fist, or smaller. The muffles are sufficiently hot 
for charging in from thirty to sixty minutes after the fire 
is lighted. The heat is easily regulated by means of the 
damper closing the ash-pit. 

Many portable furnaces have been devised and are in 
use, such as the Hibbs, Brown, Battersea, etc. Oil and 
gas furnaces are used with varying results, but the limits 
of this work will not permit a description of them. 
Hoskins' hydrocarbon furnaces are strongly recommended, 
and Reichhelm's gas furnaces have been used at Columbia 
for the past two years with most excellent results. 
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Fig. 8. 
ASSAY PURNACB FOR BUENING SOFT COAL. 



Muffles 8x15 inches. 
Bind with Ix^ inch iron. 

Ash pit and coaling hole closed by sheet iron door, the latter resting on the 
binders. 
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The Fuels employed are coke, anthracite, bituminous 
coal, and charcoal. Sometimes oil and gas are used for 
small laboratory furnaces. 

The coke should be about egg size and free from sul- 
phur. It is chiefly used in calcining or when a quick 
fusion is desired. 

Charcoal, coke, anthracite, and bituminous coal may 
be employed for the muffle furnace. Bituminous coal 
should have, however, a special furnace. (See Fig. 8.) 

Anthracite coal, stove size, is best adapted for the as- 
sayer's purpose, but charcoal may be used as a substitute 
for either coke or anthracite, when it can be had more 
cheaply ; it gives a hot fire, and is easily regulated ; but 
requires constant attention, and the pieces used should be 
of medium size. 

In lighting a fire it will be found convenient to use 
pieces of cork or corncobs saturated with rosin, which 
burn well, are cheap, and save much trouble, as they take 
less room than paper and give no dirt. 

To use, it is only necessary to light a small piece and 
place it upon a little kindling-wood in the bottom of the 
furnace, then put a few pieces of wood on top and add 
the coal after the wood has kindled. 

CRUCIBLES. 

A good crucible should stand sudden changes of tem- 
perature, be infusible, impermeable, and not attacked by 
fused substances. 

The crucibles in use may be arranged in the follow- 
ing order: 

1. Black lead or graphite for fusing metals. 
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2. French clay. (Fig. 9.) 

3. Hessian sand crucibles, round and triangular. (Pig. 



10.) 





Fig. 9. Fig. 10. 

4. Charcoal-lined crucibles. 

The most refractory crucibles are cut out of quick lime, 
or can be moulded from magnesia and chloride of magne- 
sium ; but the latter, however, are soft and not very sttong. 

The composition of the black lead crucibles is generally 
one to seven parts of refractory clay, and three to ten of 
graphite ; but sand is sometimes used. If the crucibles 
contain too much silicious matter they are liable to be 
acted upon by the melted charge, or the bases contained in 
the coal around them, when in the fire. 

These crucibles run in sizes from 1 to 400. The smallest 
holding from two to three ounces of metal. The next, 
four to six, and so on. 

The demand is for two kinds, ''steel" and ''brass;" 
but they can be employed for melting all substances which 
are not oxidizing or strongly alkaline in their action. 

French crucibles are made of Paris clay and fine sand, 
and rank among the best, but are more expensive than the 
Hessian. For melting charges which can be poured, they 
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are superior, as the crucible can be used again. The sizes 
run from 1 to 20, with covers to match. 

The composition of the ordinary Hessian crucible is 
about three-quarters clay (German), and one-quarter sand 
They are round and triangular, and run in regular sizes, 
viz: Small fives, large do., up to eights. ''Halves," 
holding one-half gallon, and "ones," holding one gallon, 
with covers to match. 

The charcoal crucible is made by lining an ordinary 
clay or Hessian crucible with a mixture of charcoal and 
molasses. The charcoal employed should be very fine, and 
only just enough molasses used to hold it together. The 
mixture is then packed into the crucible as tightly as pos- 
sible, dried slowly, and bored out to any extent desirable. 

Sometimes water and gum are substituted for molasses. 

Fig. 11 represents three kinds of charcoal-lined cruci- 
bles. 




Fig. u. 

Alumina crucibles for some operations are very satis- 
factory when intense heat is required, but lime will 
answer as well. 

The choice of a crucible depends upon the nature of 
the substance to be treated in it, the temperature, and the 
time it is to remain exposed to the action of heat; 

If a charge be basic the crucible should be basic also, 
and vice versa. The grain and appearance of the crucible 
should be taken into consideration. Much iron will render 
the crucible fusible. 
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To test a crucible for fusibility, heat a piece of the cru- 
cible and see if the comers are rounded, or if it is fused on 
the edges. 

For corrosive action fuse litharge in the crucible. For 
permeability till two crucibles with water and note the 
time required for it to run out, the one which holds the 
best being preferable. As a rule, crucibles resist per- 
meation and corrosion in the proportion of the fineness 
and regularity of grain, but their tendency to crack is 
increased in the same ratio. 

The action of sudden changes of temperature may be 
ascertained by heating suddenly, and cooling first in air 
and afterwards by plunging in cold water. 

Roasting Dishes (Fig. 12), and Scorifiers (Figs. 13 







FiQ. 12. Fig. 18. 

and 14). Both dishes and scorifiers are made of refractory 
clay the same as crucibles. They should resist the action 
of litharge and not be too deep. Painting with water and 




Fig. U. 

oxide of iron prevents, to some extent, the cutting by 
strong bases. 

Scorifiers may be bought or made, but as a rule it is 
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better to buy them, as they will stand transportation and 
it requires some care to make good ones. 

A section of a good scorifier should be uniform in 
character, close, and show no flaws or cracks. (Fig. 14.) 

CUPELS. 

These vessels are generally made of the ashes of burnt 
bones, freed from organic matter, ground and washed : 
horse- or sheep-bones are said to be the best. 

It is better to make cupels than to buy them, especially 
when they have to be carried some distance. The pre- 
pared bone-ash can be obtained in bulk, and is mixed with 
just sufficient warm water or stale beer, to cause it to hold 
together without being moist or wet when pressed into a 
ball in the hand. 

The consistency of the mixture should be such that it 
will retain its shape when pressed, but crutuble readily 
when disturbed. 

Too much bone-ash should not be mixed at once, as it 
dries quickly. 

If the bone-ash is too fine or too coarse it works badly ; 
as in the first case the cupel will crack upon drying, and 
in the second, be too porous, absorb silver with the litharge 
and occasion loss. 

Tlie cupel is formed by filling and driving the prepared 
bone-ash into a mould made for the purpose. 

The right degree of compression should be used, as 

otherwise the cupel will be either too hard or too porous. 

A little experience will tell the operator when he 

has reached the proper point. When completed it 

presents the appearance of Fig. 15. 



CUPELS. 



26 



Care should be used in drying, plenty of time being 
allowed, and all moisture and organic matter expelled pre- 
vious to using, by heating in a furnace. Sometimes a 
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Fig. 16.— English Square Cupel. 

cupel is made of coarse bone-ash, and the surface finished 
off with fine washed material. 

Cupels dried in the sun are better than those dried 
artificially. They are not so liable to crack. 

In the Royal Mint, London, England, an improved 
form of cupel is in use. It is square, with four depres- 
sions for holding the same number of buttons, enabling 
the operator to run two assays in duplicate in the same 
cupel. Fig. 16 represents the method of making, and the 
cupel when finished. Iron-bound cupels are sometimes 
used when the amount to be cupelled is large, especially in 
treating sweeps. A good cupel can be made by pressing 
bone-ash into a muffin-ring. 
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LUTES, CEMENTS, AND WASHES. 

Good Fike Lutes. 

1. Fire clay, three parts. 
Sharj) sand, one part. 
Asbestos fibre, 1^ by weight. 

Mix well and temper the same as mortar, until the de- 
sired consistency is reached. 

2. Fire clay, one part. 
Sand, three parts. 

Mix with a little hair and weak boras^ water. 

3. Zinc cement. 

Dissolve boiTix in water to about 1.49 specific gravity 
and then add calcined oxide of zinc to suit. 

Otiieu Lutes. 

Plaster of paris mixed with water, milk, glue, or starch 
water makes a good lute, and will stand a red heat. Wax 
or paraflSn is useful for bottles, stoppers, etc., also tallow 
or stearic acid. Faraday's cap cement is made by melting 
together rosin, five parts, yellow beeswax, one part, and 
stirring in one part of red ochre. 

A fine lute for iron vessels is porcelain clay (kaolin) 
mixed with a solution of borax in water. 

A good lute for glass vessels, is quicklime slaked in 
the air and then beaten into a liquid paste with white 
of egg. 

Where corrosive vapors are liable to escape, a lute made 
of fire clay and boiled linseed oil should be applied, and 
covered with slips of linen spread with the lute of lime 
and egg. 
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To Line Crucibles. 

Use line sifted charcoal mixed with gum water, borax 
water, or molasses enough to hold together when pressed 
in the hand, without being wet or sticky. It should con- 
tain no lumps. 

Wash for Crucibles and Scorifiers. 

1st. Finely pulverized chalk and water. 

2d. Sesquioxide of iron (hematite) and water. 

TOOLS. 

The tools required by the assayer are regulated more or 
less by the work to be done. 

The following are the principal : 

Crucible tongs (Pig. 17). They should be made with 



Pig. 17. 

long handles for taking crucibles out of the fire. 

For heavy crucibles the shape shown in Fig. 18 is pref- 
erable. 




Fio. 18. 



Scorification tongs (Fig. 19). The spring should not 



Fig. 19. 



^O 



be too strong, and the horseshoe part should just fit the 
scorifier. 
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Cupel tongs (Fig. 20). These should be made of steel 



Fig. 20. 

and about two and one-half feet long with an easy spring. 

Muffle tongs (Fig. 21), for handling small crucibles in 
the muffle 




Fig. 21. 

Three hammers will be useful. One large for hammer- 
ing metal, one medium for breaking crucibles and scori- 
fiers, and one small for marking lead buttons. 

A set of small steel dies from to 9 inclusive, and large 
and small alphabet for marking buttons and bullion will 
be fonnd useful, but are not absolutely necessary. 

Three pokers are desirable, small, large, and medium. 

One or two small hoes or scrapers for cleaning out the 
bottom of the cupel muffle (Fig. 22). 



Fig. 22. 

A pair of cutting shears and nippers for cutting wir^ 
for lead assay, etc. 

A small vise and anvil, medium size, with a suitable 
bench for the same. 

Wooden mallets, light and heavy, for packing cru- 
cibles, making cupels, etc. 

Files and cold chisels for sampling and cutting metals. 
Charcoal saw for blow-pipe charcoal, and crucible tops. 
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Two iron mortars and pestles, and if much ore is to be 
pulverized, a grinding plate and rubber, as shown in Fig. 
23, will be a great convenience and save labor. The plate 




Fig. 23. 

is a flat iron casting 18x24 inches, and 1 inch thick, the 
surface used being planed smooth. The rubber or grinder 
is a piece of cast iron, 4x6 inches square, 1^^ inches in the 
middle, by J of an inch thick at the ends ; thus giving a 
slightly convex surface, which should be true on the 
board at all points. To conduct the operation place the 
left hand upon the rubber, throwing the weight of the 
body upon it, and then grasping the handle with the 
right hand, move the iron rubber back and forth, depress- 
ing the handle when pushing forward and raising it in 
drawing back. For laboratories where large quantities of 
ore are to be pulverized, the size of the plate, and the 
weight of the rubber should be increased ; but for ordi- 
nary use the dimensions given will be found sufficient. 
Too much ore should not be placed upon the plate at a 
time, as it makes the operation of pulverization more 
difficult. 

The operation is much more rapid than with the ordi- 
nary mortar and pestle, and the manipulator after a little 
practice has complete control over the ore treated. 
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Should it not be convenient to use the plate and rub- 
ber, a long handled pestle coming up to the chest will be 
found an improvement, as the mortar can be placed on the 




Fig. 24.— Blake Crusher. 

floor and the pestle worked while the operator is in a 
standing position. 

Where large quantities of ore are to be ground a 




Fig. 25.— Pulverizer. 



crusher and a pulverizer run by power will be found neces- 
sary (See Figs. 24 and 25). 
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A series of sieves, from twenty to one hundred mesh, 
will be useful for sifting ores and fluxes. The box sieve 
(Fig. 26), is a simple arrangement, and consists of a round 
tin box with a sieve fitting into it as 
represented in the illustration. The 
sieve is a tin frame with any desired 
mesh gauze soldered to it, and fits ^^® ^^• 

tightly in the box. The advantage gained by its use is 
that in sifting the pulverized ore there is no dust, the 
fine material after passing through the sieve is kept from 
flying around. The size most convenient is 8 inches in 
diameter, the box 2 inches deep, and the rim of the sieve 
2 inches, fltting about f inch into the box. A tin cover 
can be placed over the whole. 

Open and closed ingot moulds for casting lead and 
silver bars, ingots, etc. 





Fig. 27. 



Fig. 2a 



Hand button-rolls for gold and silver only. They 
should be kept covered and free from dust. 

Cupel mould (Fig. 27). This consists of two parts, an 
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iron ring and a steel pestle or driver, just fitting into 
the ring. 

A mould for pouring the assay charge in scorification 
(Pig. 28). This should be of heavy cast iron or copper. 
It saves much time, and by employing it, the scorifiers 
can be used again. Larger moulds of the same style will 
be found convenient for pouring crucible charges, but are 
not necessary, unless crucibles are scarce. 

Shovels for coke and coal, and a small hatchet for 
splitting kindling wood. The coke shovel should be 
ribbed or perforated so that the fine coke or dust may 
fall through. 

Mixing scoops of Russia sheet iron 3i by 5 inches, with 
straight sides and back about f inch high. They are con- 
venient for mixing lead or silver crucible charges in, and 
owing to the high finish of the iron, the assay on being 
poured out does not cling to the scoop, a few sharp taps 
detaching everything. 

A tin sampler, shown in Fig. 29, wall be found very 
useful. It consists of a series of troughs arranged in a 
row and fastened together at equal dis- 
tances by a tin strip soldered on their 
ends. A shovel full of ore emptied by a 

^®" ^' series of shakes across them, is just half 
caught by the troughs ; one-half going through the open- 
ings between. By repeating this operation, the size of the 
sample can be reduced to any extent desired. 

Mechanical samplers are much used in the large estab- 
lishments in the West, and are recommended when large 
lots of ore are to be treated. There are many kinds in 
use, but all depend on separating mechanically a frac 
tional part of a falling quantity of ground ore. Their 
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chief objection aside from expense is the difficulty in 
thoroughly cleaning them. 

Fig. 30. shows the Bridgman ore-sampling machine. 




Fig. 30.— Bridgman Ore-Sampling Machine. 

In passing through this machine the fall of the ore is par- 
tially intercepted by three revolving apportioners. The 
uppermost of them separates two parts, each from one-half 
to one-eighth of the whole lot, according to adjustment. 
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These parts are successively quartered by each of the 
lower apportioners. This division is accomplished at a 
low rate of speed by giving each of the lower apportioners 
three times the revolutions of the one above it, and caus- 
ing the middle apportioner to revolve in the reverse direc- 
tion. The maximum capacity of the machine is 20 tons 
per hour. Even if the feeding is irregular the samples 
give satisfactory results. For a detailed description of 
this machine see "A New System of Ore Sampling," 



y\ 




Fig. 31.— Section. 
Scale H inch to the foot 



Pig. 82.— Elevation. 
Scale ^ hich to the foot. 



by H. L. Bridgman : Trans. Am. I. of M. E. Oct. 1891. 
Also Hofman's ''Metallurgy of Lead," and Peters' 
"Modem Methods of Copper Smelting," 7th Edition. 

A laboratory desk, as shown in Figs. 31 and 32, will be 
found a very suitable and compact arrangement. It con- 
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sists of four parts, shelves for bottles, closet for ore- 
scales, drawer for cupels and apparatus, and double closet 
for crucibles, scorifiers, etc. The illustrations are made to 
a scale so the desk can be constructed from them without 
trouble. 

This style of desk has been in use in the School of 
Mines, New York, for many years, and has been found 
most convenient. The lower closet should be provided 
with a shelf and the drawer with partitions. If gas can 
be had, each desk in a laboratory should have a burner 
above for lighting purposes, and two or three large jets 
to which rubber tubes can be fastened so that Bunsen 
burners can be employed on the desks. These jets are 
best placed next the scale closet. 



APPARATUS. 

The amount and kind of apparatus required by the 
assayer varies, but in the following list will be found all 
that will be needed for ordinary work : 

About three dozen quart bottles for reagents, glass 
stoppered. One dozen glass- stoppered parting bottles, for 
bullion assay. Eight oz. is a good size. The stoppers 
should be square-topped and fit exactly, so that the bot- 
tles will not leak when shaken. 

An assortment of corked bottles of different sizes for 

samples. 

Two or three ring stands and the same number of Bun- 
sen burners or alcohol lamps. The former are preferable, 
if gas can be had, and should be provided with two or 
three feet of rubber tubing for each burner. 
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Two wash bottles, one small and one large, say one-half 
pint and quart. 

One half-dozen horn spatulas or spoons for mixing and 
some iron pans for roasting ore. The ordinary long- 
handled frying pan is suitable, and should be about the 
size of the furnace top. Before roasting it should be lined 

Iwith chalk or oxide of iron. One dozen 
parting flasks (Fig. 33), for gold bullion 
assay ; also annealing cups for the same 
ym purpose. These are of clay and made thin 
IP (Fig. 34). 
Fig. 88. g. Brushes for ores and fluxes made of 

camels-hair ; a large feather trimmed, makes an excellent 
substitute. 

A few dozen sheets of glazed paper, or stout manilla 
paper when glazed paper cannot be had, for mixing ore 
upon. Black is preferable, and when held up to the light, 
there should be no holes. 

Hessian and French crucibles and covers of various 
sizes and shapes. 

Scorifiers, large and small. 

Scorification and cupel muffles to suit furnaces. 

Cupels from | to 2 inches in diameter. 

These should always weigh more than the button to be 
cupelled. 

For volumetric work, silver bullion, etc., graduated 
flasks, pipettes and burettes, will also be necessary. See 
bullion assay, page 146. 

For the volumetric and gravimetric methods of analysis 
(see Part III) the following apparatus will be necessary : 

Reagent bottles (glass stoppers). 

Funnels of various sizes. 
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Glass tubing. 

Glass rods of diflferent sizes. 

Test tubes and rack. 

Set of graduated flasks 100 c.c, 200 c.c, 260 c.c, 500 
C.C., and 1 litre. These flasks should have narrow necks, 
to give greater accuracy in filling, and are best when pro- 
vided with ground glass stoppers. 

Erlenmeyer flasks, 100 and 250 c.c. 

Pipettes 10, 60, and 100 c.c. 

Convex covers — 12 of various sizes. 

Measuring cylinders 10 c.c. and 100 c.c. 

Beakers, 3 nests lipped. 

Dessicator, 1 medium size. 

Burettes, Mohr stop cock, or pinch, with float or blue 
back and stand. 

It is advisable to have one burette for each solution in 
constant use. 

Casseroles (Royal Berlin), 6. 

Cut filters (ashless), 3 sizes. 

Gummed labels. 

Ring stands, 2 (3 rings each). 

Files, round and triangular. 

Forceps for small crucibles. 

Bunsen burners, 3, and clay chimney ; or if gas is not 
to be obtained, small kerosene stoves, and 1 small alcohol 
lamp. 

Tin or Russia-iron sand baths. 

Asbestos discs. 

Filter stands, Fresenius, 4. 

Rubber tubing (assorted). 

Sponge swab, tube cleaner, towels, etc. 

Agate and porcelain mortars with i)estles. 
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Crucibles, porcelain of 3 sizes ; platinum, 1 of 20 gms. 
and 1 of 40 gms. 

Triangles, 1 platinum, 2 pipe-stem. 
Thermometer, centigrade. 

Battery cells, 3 or 4, Edison-Laland, or gravity, etc. 
Platinum electrodes and stand. 



REAGENTS AND CHEMICALS. 

Reagents for fire assays : 

These may be divided into seven classes. 

a. Reducing. To this class belong those bodies which 
have the power of removing oxygen from its combinations. 

ft. Oxidizing. All bodies which give up oxygen with 
facility. Used in roasting and crucible work. 

c. Desulphurizing. This class includes all substances 
which possess a strong affinity for sulphur, and will de- 
compose its compounds under the action of heat or in 
solution. 

d. Sulphurizing. Sulphur and such of its compounds 
as give up their sulphur easily upon elevation of tempera- 
ture or in solution. 

e. Fluxes. Under this head, we include a large class 
of bodies, either acid, basic, or neutral in their action. 

They are used — 

1st. To cause the fusion of substances otherwise infusi- 
ble, by forming new combinations. 

2d. To fuse or hold in suspension foreign substances 
mixed or combined with a metal, so as to allow the metal 
to separate and settle by its greater weight. 
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3d. To obtain a metal in one button and not in globules 
or prills. 

4th. To prevent the formation of alloys. 

/. Solvents generally include solutions which are used 
in the wet way only, such as distilled water, nitric, sul- 
phuric, and hydrochloric acids, etc. ; but some substances, 
such as metallic lead, etc., used in crucible work are 
sometimes classed as solvents. 

g. Precipitants in the wet way. As the salt solution 
used in the bullion assay. 

The following are the principal reagents and chemicals 
employed by the assayer in his work. There are, how- 
ever, many others which might be used, but they can all 
be classed under the heads just given. 

Dry Bicarbonate of Soda (sodium bicarbonate, Na- 
HCOs) or potassium carbonate (KaCOs). These act as 
desulphurizing agents, and in some cases as oxidizing 
agents. The latter action is due to the carbonic acid con- 
tained. They also act as basic fluxes. 

They should be free from moisture and lumps. On 
account of their easy fusibility they can retain in suspen- 
sion, without losing their fluidity, a large proportion of 
flnely powdered infusible substances. 

Litharge (PbO), is a basic flux, oxidizing and desul- 
])hurizing agent, and supplies the lead in the gold and 
silver crucible assay. It should be dry, and free from red 
oxide of lead, as the latter has the power of oxidizing 
silver, and thus causing loss of that metal during the 
assay. To free litharge from the red oxide, fuse the same 
in a crucible, and pour the mass into a cold ingot-mould, 
keeping it from the air while cooling. All litharge before 
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using should be well sampled, and assayed for silver. To 
do this, charge in a crucible — 

Litharge 4A.T. 

Soda(NaHC03) 2 " 

Argol 2 grams, 

and cover with a layer of dried salt, one-quarter of an 
inch thick. Fuse in a hot fire until completely liquid, 
then withdraw, and proceed as in the assay of a silver ore 
(p. 99). White lead (basic carbonate of lead) or plumbic 
carbonate (PbCOs), is sometimes employed instead of lith- 
arge ; also, acetate of lead for delicate experiments. 

Borax, Cuystallized (Na^2B407, lOHjO). This acts as 
an acid flux ; but, on account of the water contained, it is 
generally employed in a vitrified condition, or borax glass 
(Na2B407), which has a more intensified effect It has 
neither an oxidizing nor desulphurizing action. It is 
sometimes used as a cover in place of salt. 

To prepare — Fuse the commercial borax in a large sand 
crucible and pour the fused mass out on a clean surface to 
cool. Pulverize, and keep in a glass-stoppered bottle. As 
borax, when heated, loses its water of crystallization, and 
undergoes an immense increase in volume, only a little 
should be added at a time in fusing. Boracic acid (HsBOg) 
is also sometimes employed. 

Silica (Si02) acts as an acid flux, and can often be 
used with advantage. A satisfactory substitute is glass 
(Na2Si307+CaSi307 + Si02), as it is easily fusible, and 
fonns a good slag. It should be powdered and free from 
moisture. Lime glass is the best. 

Black Flux, Substitute. — A mixture of three parts 
flour and ten parts of sodium bicarbonate. It acts as a 
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flux and reducing agent, and is especially useful in the 
tin assay. Black Flux, proper, is 1 part of nitre and 3 
parts of argol deflagrated. 

Lead Flux. — A mixture of 4 parts sodium bicarbonate 
(NaHCOg), 4 parts potassium carbonate (K2CO8), 1 part 
flour, and 2 parts borax glass. Its action is reducing, 
desulphurizing, and fluxing. 

Modified Lead Flux. — Sodium bicarbonate 2 parts, 
potassium carbonate 2 parts, borax glass 1 part, argol 1 
part. 

Cyanide of Potassium (potassium cyanide, KCy or 
KCN), as a flux for reducing and desulphurizing is inval- 
uable. It is also employed in solution as a solvent for 
gold, and in the amalgamation assay.* It should be pre- 
pared with care and kept in a tight bottle, as it absorbs 
moisture. Take the ordinary commercial article and pul- 
verize in an iron mortar as fine as possible. Never sift, as 
the dust is poisonous. To protect yourself, cover the 
mortar with a towel, or a board having a hole in the 
centre for the pestle. 

Argol (KHC4H4O6), crude bitartrate of potassium, act» 
as a basic flux and reducing agent. It should be pul- 
verized and dry, and its reducing power determined. For 
this purpose we charge 

Argol 2 gms. 

Litharge 2 A.T. 

Soda i " 

in a crucible, fuse in a hot fire, cool, extract the button 
and weigh in grams. Dividing by two gives the amount of 
lead one gram of argol will reduce from litharge. 

Chakooal, acts as a reducing or deoxidizing agent. 
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It should be finely powdered and its reducing power 
determined, as in the case of argol. Use charcoal one 
gram, litharge 2 A.T., and soda i A.T. Ordinary wood 
charcoal will reduce twenty-eight grams of lead from 
litharge. 

Starch, flour, sugar, and gum, may also be used as 
reducing agents, but are not so convenient. 

Dried starch reduces thirteen parts of lead. Common 
starch about eleven and one-half parts. Sugar fourteen 
and one- half, and gum arable eleven parts. For some pur- 
poses pure hydrogen gas will be found useful. One part 
of hydrogen will reduce about one hundred and tour parts 
of lead from litharge. 

Metallic Iron (Fe), is a desulphurizing agent, and is 
indispensable, especially in the assay of lead ores. The 
best form is iron wire about i inch in diameter. Nails 
and filings may also be used. 

Pure Lead (Pb), in sheet or granulated form, is used 
principally in the assay of silver ores. It acts as a basic 
flux, and a solvent or wash for the precious metals. The 
sheet form is useful in cupelling gold and silver beads, 
and in the bullion assay. The granulated is essential in 
the scorification assay. 

It can be obtained pure by decomposing the best white 
lead by charcoal, and granulating or fusing in bars, as the 
case may require. 

The desilverization works now produce pig lead con- 
taining only about 10 cents in silver per ton, which is 
quite pure enough for all ordinary assay work. 

In sections where granulated lead free from silver, or 
white lead, cannot be obtained, the assayer can make his 
own granulated lead from such pig lead, poor in silver, by 
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the following method :— Melt about fifty pounds of lead in 
an iron pot or crucible, and keep it just at the melting 
point. Then pour a ladleful of the melted lead into a 
wooden bread-bowl which has been dry chalked on the 
inside. Keep this agitated by gently rocking the tray to 
prevent solidification, and when the mass begins to get 
pasty, throw it into the air and catch it again repeatedly 
until cold, when the metal will be found to be nearly all 
granulated. Sift through a twenty-mesh sieve, and what 
does not go through re-melt. The whole fifty pounds can 
be granulated in this way in two hours. After granula- 
tion sample well and test eighty or one hundred grams 
for silver, by the scoritication assay. In using the lead, 
the silver contained in it must be deducted from the 
results obtained in assaying an ore. 

Puke Silver (Ag), in sheets for inquarting buttons and 
gold bullion. Where silver foil cannot be obtained pure, 
it can be made from silver coins or bar silver by dissolving 
in nitric acid, filtering off any trace of gold which may be 
present, precipitating the silver as chloride, and then re- 
ducing the chloride to metallic silver with zinc and sul- 
phuric acid and after washing, melting the silver with a 
little nitre and borax in a graphite crucible. 

Nitre (potassium nitrate, KNOs), acts as an oxidizing 
agent and also as a basic flux. It should be finely 
powdered, dry, and assayed for its oxidizing power. 
Charge : 

Nitre 3 gms. 

Charcoal 1 " 

Litharge. 2 A.T. 

Soda i " 
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Place in a Hessian crucible and cover with salt. Fuse in a 
hot iire, remove, cool, and weigh. The difference between 
the weight of the button obtained and that given in the 
assay of charcoal, divided by three, gives the oxidizing 
power of nitre per gram. 

Powdered Lime (CaO) (dry) and fluor spar (CaPa), 
will often be found useful as basic fluxes, especially in the 
assay of iron ores. Magnesia (MgO), and alumina (AlaOs) 
or kaolin (Al20s,2SiOa)— are also used, and cryolite (8NaP> 
AlFs) for special cases. 

As Sulphurizing Agents, powdered sulphur (S), 
pure galena (PbS), or sulphide of antimony (SbaSg), are 
employed. 

Carbonate of Ammonia* (ammonium carbonate^ 
(NH4)8C08), as a desulphurizing agent, is used in the de- 
composition of some sulphates, as sulphate of copper, in 
roasting. It should be powdered and kept in a closed vesseL 

Common Salt (sodium chloride, NaCl), as a cover and 
wash, and as a reagent in the bullion assay, should be 
always kept on hand. The purer it is the better, and it 
must also be fine and dry. 

Metallic Arsenic (As), as a collecting and fluxing 
agent in special assays, such as nickel, copper, etc. 

As solvents, distilled water (H2O), nitric acid (HNOs) 
sp. gr. 1.16 and 1.26, free from chlorine, hydrochloric 
acid (HCl), sulphuric acid (H2SO4), sodium thiosulphate 
(•'Hypo," Na^SaOsjSH^O) are used. 

Chlorine (CI), generated from bleaching powder and 
sulphuric acid, or from salt, manganese dioxide, and sul- 
phuric acid, is employed as a solvent for gold in special 
tests. 

* The commercial carbonate is probably 8NHs,2C09.HsO. 
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REAGENTS FOR WET ASSAYS. 

a. Acids: 
Acetic (HC2H8O2), chem. pure 50j6. 

Hydrochloric (HCl), chem. pure concentrated 1.2 sp. gr.; 
dilute 1 part concentrated to 2 parts water. 

Nitric (HNOs), chem. pure concentrated 1.42 sp. gr.; 
dilute 1 part concentrated to 2 parts water. 

Oxalic (HjCjOi, 2H2O), chem. pure (Crystals. 

Sulphuric (H8SO4), chem. pure concentrated 1.82 sp. gr.; 
dilute 1 part concentrated to 4 parts water, also common 
dilute for making sulphuretted hydrogen. 

Sulphurous (H2SO3), chem. pure solution. 

Tartaric (H2C4H4O6), chem. pure powder. 
Hydrosulphuric acid or sulphuretted hydrogen, (H2S) is 
best prepared from pieces of sulphide of iron (ferrous sul- 
phide, FeS) and dilute sulphuric acid, 
the gas being passed through a second 
bottle filled with water to wash it. 
Fig. 31 shows the apparatus in posi- 
tion for use. The glass tubes are 
connected with small pieces of rub- 
ber tubing. The gas may be passed 
into the solution to be precipitated, 
or a water solution may be made, and Pi^j. 81. 

used at pleasure. The sulphide of iron can be made by 
heating scrap iron or borings to a red heat in a crucible 
and throwing in sulphur. The sulphide produced may then 
be fused or broken up ; complete fusion is unnecessary. 
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Hydrofluoric acid (HF), chem. pure in Ceresine bottles 
(Baker & Adamson). 

The following reagents should be chemically pure, un- 
less specially noted. 

h. Alkalies and alkaline salts. 

Ammonia (NH4OH), aqueous solution, sp. gr. 0.9. 

Sodium hydroxide (NaOH), lOji^ solution. 

Sodium carbonate (NagCOs), pulverized and dry for 
fusions. 

Sodium carbonate, cryst. (Na^COsjlOHaO), saturated 
solution. 

Potasium hydroxide (KOH). lOi solution. 

Potassium carbonate (KgCOs), anhydrous and pulverized. 

Fusion mixture, 14 parts KjCOs and 11 parts Na2C08 
pulverized and thoroughly mixed. 

c. Salts. 

Ammonium chloride (NH4CI). 

Ammonium molybdate ((NH4)(,Mo7024), see page 182. 

Ammonium nitrate (NH4NO8). 

Ammonium hydrogen sulphide fNH4HS), made by pass- 
ing HjS into dilute ammonia. 

Ammonium sulphide yellow, made by dissolving an ex- 
cess of sulphur in the colorless (acid) sulphide. 

Ammonium sulphocyanide (NH4SCN), dilute solution. 

Ammonium acetate (NH4C2H8O2). 

Sodium bromide (NaBr). Sodium chloride (NaCl). 

Sodium acetate (NaCaHgOa) lOji solution. 

Sodium nitrate (NaNOa). 

Sodium ammonium hydrogen phosphate (NaNH4HP04, 
4H,0). (Salt of phosphorus or microcosmic salt.) 

Sodium thiosulphate ("Hypo," NaaSA,5HjO). 
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Potassium bichromate (KgCraO?). 

'' bisulphate (KHSO4) (fused). 

chlorate (KClOs). 
" ferrocyanide (K^FeCyejSHaO) (yellow prus- 

siate). 
" ferricyanide (KaPeCyg) (red prussiate). 
" permanganate (KaMnaOg). 

iodide (KI). 
Barium chloride (BaCl2 , 2H2O) 10j< solution. 
Barium carbonate (BaCOg), free from ammonia salts. 
Magnesia mixture, made by dissolving together 1 part 
magnesium chloride, 2 parts ammonium chloride in 8 parts 
water, then adding 4 parts of dilute ammonia, and filtering 
after several days. 

Silver nitrate, (AgNOs). This can be prepared by dis- 
solving pure silver in nitric acid. 

Platinic chloride or hydrochloroplatinic acid (H2PtCl«), 
strong solution. 

Cobalt nitrate (Co(N08)2, SHjO). 
Uranium acetate ( (UO)2(C2H802)2). 
Stannous chloride (SnClj, 2H,0). 
Mercuric chloride (HgCla). 

Ferrous sulphate (FeSO* , THjO) free from phosphorus. 
d. Metals. 

Zinc, sheet and granulated, free from arsenic and con- 
taining but a trace of iron. 

Aluminium sheet. Copper, electrolytic. 
Lead, test lead. Iron, wire, 99.7^ Fe. 
Mercury, redistilled. 
€. Miscellaneous. 

Magnesium oxide (MgO), free from sulphur if possible, 
or with the percentage of sulphur accurately determined. 
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Zinc oxide (ZnO). Bromine (Br). Alcohol (ethyl) 
(C2H5OH), 95)^. Starch (CeHioOs). 

Methyl orange, and litmus as indicators. 



PRELIMINARY TESTING OF ORES. 

Before breaking up a sample it should be thoroughly 
examined to determine, if possible, its mineralogical char- 
acter. When the sample submitted is already ground, a 
small portion should be panned down on a large watch 
glass and the concentrates, consisting of the heavy minerals, 
sulphurets, native metals, etc., caretuUy examined with a 
magnifying glass. 

If this operation is done carefully it often determines 
the character of the ore with sufficient accuracy to enable 
an experienced assayer to select a method of assay and 
make up the correct charge. 

A fusion of ten grams of ore with forty of potassium 
cyanide will show the presence of lead, antimony, tin, 
copper, bismuth, large quantities of silver, and iron if the 
heat is high. 

If the mineralogical character of the gangue cannot be 
determined by inspection, test for carbonates by nitric 
acid. Should the preceding tests be insufficient, try the 
blowpipe tests described in Part IV. 



SAMPLING AND PULVERIZING. 

The selection and preparation of the sample for assay 
may be called the " secret of success." It is the most im- 
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portant operation which the assayer has to conduct ; and 
unless the sample be well taken his work will be useless. 

No matter how large or how small the amount of ore 
he may be called upon to treat, the same care is necessary 
in the sampling ; for one portion may be very rich and 
another portion valueless, so far as the metal sought for is 
concerned. The sample, therefore, taken for an assay 
•must always be an average of all the ore. 

The method of sampling an ore depends upon its con- 
stitution : 

a. The ore contains no metallic particles. 

6. The ore contains metallic particles. 

In the first case the operation is comparatively easy. 
If there is a large quantity of ore to be sampled, it is 
broken up more or less finely, the degree of fineness de- 
pending upon the amount of ore from which the lot for 
assay is to be taken, and is then either thrown upon a 
sampler (page 32) or divided by piling it in a heap and 
cutting it into quarters, two of which may be selected to 
be again broken up, mixed and quartered, and so on until a 
sample sufficiently small for assay is obtained ; or an equal 
portion of each quarter may be taken, and the four por- 
tions well mixed, broken up, thrown in a heap, and the 
operation repeated until the required sample is reached. 
A single specimen or the lot obtained by sampling as 
above, should J)e crushed and all passed through an 
eighty or one hundred mesh sieve— the finer the better. 
The pulverized ore is then well mixed with a spoon or 
spatula on glazed paper, and the amount for assay 
weighed out by taking a little here and there, or divid- 
ing into quarters and taking some from each quarter. 
As already stated, various mechanical devices are em- 
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ployed for sampling down large quantities of ore, but for 
most purposes the tin sampler described will be found 
sufficient. The size of this may be increased if desirable. 

The fine ore should never be shaken to mix it, or 
poured upon the scale-pan directly from the vessel in 
which it is contained. 

The entire contents of the bottle containing sample to 
be assayed should be emptied on glazed paper, mixed 
thoroughly, spread out thin, and portions for assay taken 
at intervals with a spatula. 

6. The ore contains metallic particles. 

The sample may be selected from the heap of ore in the 
same manner as described under a, but a larger lot must 
be taken for assay and the whole pulverized, by pounding 
in an iron mortar and passed through an eighty-mesh 
sieve, which will divide the ore into two portions : 

1st. Siftings. 

2d. Metallic residue. 

The siftings must be well mixed and sampled upon 
glazed paper, as just described. 

The metallic residue must be tested as a whole and not 
sampled, or if the amount is large, can be fused with pure 
lead, and a weighed portion of the resulting alloy assayed. 

The method of making the assay and calculation of 
results will be given hereafter. 

Care must be taken in preparing a sample that all appa- 
ratus employed is clean, especially the mortars and sieves. 

The first can be cleaned by pulverizing a little sand in 
them, or using a pumice-stone pestle, and the latter by 
rubbing with a clean towel or rapping upon a bench. 

The box sieve (page 31) will be found very convenient, 
and better than the ordinary kind, as it prevents the loss 
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of dust which would alter, more or less, the value of the 
sample. The sieve should be used for nothing but ores, 
and carefully cleaned after each operation. 

In general, the finer the ore is ground the better the 
sample; the richer the material the more difficult to 
sample. 

Base Bullion should be sampled by drilling half through 
the bar at intervals from both sides, as the contents of 
precious metals may be very irregular, especially if the 
bullion contains zinc. The drillings, if brittle, may be 
ground fine in a coflfee-mill and the portion for assay 
taken out with a spatula after thoroughly mixing the fine 
particles ; or grinding in the coflfee-mill may be omitted, 
and the coarse drillings may be weighed and remelted care- 
fully to prevent either volatilization or oxidation, cast, 
and the bar sampled as before for assay. A steel punch 
cutting out a 4-inch core may be used instead of a drill. 

Pig copper is sampled in the same way, but not always 
remelted. The slag from remelting should be tested and 
the contents allowed for. 

Gold or Silver Bullion, if very pure (nearly 1000 fine), 
is sampled by chipping from alternate comers above and 
below. It is usually necessary to remelt: take samples 
from first and last pourings, and granulate by pouring into 
water. To sample coins : for silver, stamp out small 
pieces from the centre and edge ; for gold coins, cut slips 
running from the centre to the circumference. The coins 
can also be rolled out thin, and the slips cut up fine or 
portions stamped out for assay. 

Sometimes lead chips or granulated alloys are submit- 
ted to the assayer, which call for great care in sampling. 
Lots of this kind should be weighed and melted in a clean 
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crucible, carefully poured so as to save all the scum, the 
bar weighed and sampled by chipping or boring, and the 
scum weighed and scorified. The value of the original 
alloy per ton can then be calculated in the same way as an 
ore which contains metallic particles. 

When the assayer has access to the melted bullion, dip 
samples can be taken from the centre of the pot after 
stirring. 

WEIGHING ORE AND REAGENTS. 

The ore, litharge, test lead, oxidizing and reducing 
agents should be weighed accurately. 

The ordinary fluxes may be weighed approximately; 
still it is better to weigh closely, as more uniform results 
are obtained. 

The same pan of either the flux or ore balance should 
always be used for the weights, and the latter must be 
handled with the pincers provided for that purpose. The 
ore scales should be kept free from dust, and be adjusted 
before each weighing; for, next to the sampling, the weigh- 
ing of the ore is most important. 

When a number of assays of the same ore are to be 
made, weigh out the fluxes first, and then add the ore to 
each charge. In this way the work will be greatly facili- 
tated. 

Instead of weighing the pure granulated test lead, it 
can be measured. A very simple and good test lead meas- 
ure is a graduated glass tube about i inch in diameter with 
a cork plunger fitted to slide up and down, or a test tube 
graduated for known weights. As far as possible glazed 
paper or watch glasses should be used in weighing, to pre- 
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vent substances from touching the scale pan— especially 
when using the quantitative analytical balance. 

If the substance is one which is liable to absorb moist- 
ure from the air it should be weighed between watch 
glasses, fastened with a clip. Cyanides must never be 
weighed upon the pan direct. 

The balance pans of the bullion or quantitative bal- 
ance should never be handled with the fingers or set upon 
a rough surface. 

When one kind of ore is to be frequently assayed, 
make up a large quantity of the correct flux, litharge, 
reducing agent, etc. This mixture can be measured out 
by a scoop holding the right quantity, and in this way 
much labor and time saved. 



DRYING, CALCINATION, AND ROASTING. 

In drying the object is to drive oflf moisture; in calcina- 
tion, carbonic acid and other volatile constituents ; while 
in roasting the operation is conducted in such a manner as 
to ensure oxidation, and the elimination of sulphur, ar- 
senic, antimony, etc. To dry or calcine a substance it is 
not necessary that the air should have free access, or that 
the material treated be constantly stirred. A high tem- 
perature is seldom necessary for drying, IW to 120** C, 
being generally suflicient, but a white heat is sometimes 
required for calcination. To conduct the operation, cruci- 
bles and dishes will be found the most convenient vessels. 

For roasting, combustion must take place, and conse- 
quently the vessels employed must be open and flat to 
allow the oxygen of the air to act freely. The ore must 
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be stirred continually, and when easily fusible, be mixed 
with some substance to prevent agglutination. Char- 
coal, graphite, or sand may be used for this purpose. The 
heat should be low at first, and raised toward the end of 
the operation ; and in some cases chemicals mixed with 
the mass hasten the process, and render it more complete, 
as in the addition of carbonate of ammonia in roasting 
copper ores, which decomposes any sulphates which may 
have been formed. The operation may be performed on a 
crucible furnace in an iron pan lined with chalk or oxide 
of iron ; or in an open vessel like a scorifier (Fig. 12), in a 
muffle furnace. The removal by roasting of the volatile 
elements, such as sulphur, arsenic, etc., necessarily involves 
a loss in weight, which is in some cases nearly one third ; 
so when assays are made on the roasted ore, each portion 
must be weighed first and then roasted, or the whole 
weighed carefully before and after roasting, so that the 
results can be calculated to ounces per ton of the raw ore. 

REDUCTION AND FUSION. 

Reduction is the changing of an atom to a lower quan- 
tivalence, as CrOg to CrA, Fe^CU (Ferric Chloride) to FeCU 
(Ferrous Chloride), etc. ; or to the element itself, as PbO 
(Litharge) to Pb. (Lead), Usually it is understood to mean 
the removal of oxygen from the body acted upon. In assay- 
ing, reduction generally means the separation of a metal. 

The operation of reduction is usually accompanied by 
fusion, which is simply melting, although they may act in- 
dependently of each other. We have reduction without 
fusion, when oxide of copper (CuO) is reduced to metallic 
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copper by hydrogen or alcohol ; while fusion without re- 
duction often takes place, as in a muflBie under ordinary 
conditions. Reduction and fusion are carried on in cruci- 
bles, scorifiers, etc. 

The heat required is higher than that necessary for the 
foregoing operations ; consequently the draft should be 
stronger. Fusion is sometimes a preliminary step to oxi- 
dation and sublimation. 

To perform the operation of reduction in a muffle fur- 
nace, the muffle must be partially filled with charcoal, and 
the mouth closed. 



DISTILLATION AND SUBLIMATION. 

Distillation usually means the conversion of a liquid 
into vapor by means of heat, and subsequently reconverting 
to the liquid condition either with or without a condenser; 
it should, however, also apply to solids which pass through 
the liquid state before or after vaporization, as here it is 
the liquid which is reaUy distilled, though the final prod- 
uct is sohd. 

DistiUation is used as a process of purification or of sep- 
aration ; for example, mercury after cleaning is redistilled 
to leave behind any non-volatile impurities. Arsenious 
chloride may be separated from antimonious chloride by 
distilling. Sublimation is similar to distillation; but the 
product, at the ordinary pressure, passes directly from the 
gaseous to the solid state; for example, white arsenic 
(AsaOg) is sublimed, not distilled. 

Both operations may be conducted in flasks, retorts, or 
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crucibles ; but usually in the operation of distillation a 
cooled condenser is necessary, as in the process of making 
distilled water. The term *' destructive distillation" is 
used where the body acted upon undergoes decomposition. 



SCORIFICATION AND CUPELLATION. 

Scorification and cupellation include a combination of 
fusion, roasting, sublimation, and oxidation— the essential 
difference being that in the first case a slag is formed, and 
in the latter the foreign substances are volatilized or ab- 
sorbed. 

Scorification is essentially a process of oxidation. The 
test lead mixed with the ore melts, and the ore floats on the 
lead bath, where sulphur, arsenic, etc., are removed by vola- 
tilization and oxidation ; then the lead commences to oxi- 
dize and carry with it as a slag the gangue and oxides of 
the non-volatile metals. Gold, silver, and platinum re- 
main with the lead button. The scorification is finished 
when the slag has covered the lead alloy. 

Cupellation diflFers from scorification in that the oxide 
formed is volatilized or absorbed by the cupel as fast as pro- 
duced. The process should only be used to remove small 
quantities of impurities with the lead. Gold, silver, and 
platinum remain. (See assay of gold and silver ores.) 

INQUARTATION AND PARTING. 

Under this head come the separation of alloys and the 
treatment of the buttons from the gold and silver assay. 
Inquartation is the process of alloying metals to give an 
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alloy from which one of the metals can be dissolved by 
an acid. The best proportion for gold and silver is 1 part 
of gold to about 2,5 parts of silver. 

Parting is the separation of one or more metals from an 
alloy by means of acid : the term is usually applied to the 
separation of silver from a silver-gold alloy. Nitric acid of 
two strengths is used: lirst, sp. gr. 1.16, then, sp. gr. 1.26. 
Sulphuric acid, concentrated, is used in the mints and in 
special assays. 



WEIGHING BEADS AND BULLION. 

This operation must be conducted with the greatest 
care, and the balance adjusted both before and after weigh- 
ing. Before weighing, the bead or bullion should be well 
cleaned with a small brush. To weigh the buttons of the 
base metals the ore scales are sufficiently accurate ; but 
for weighing silver and gold the bullion balance must be 
employed. 

Take the weight from the vacant places in the box^ 
note and check as you return the weights to their places 
in the box. 

It is best to keep the bullion balance in a separate room 
from the laboratory, where it will be free from dust and 
fumes. It should also stand upon a firm shelf, to prevent 
shaking. In weighing a substance do not use the weights 
at random, but find the nearest single weight, and add the 
others in regular order, until the required combination is 
reached. 

In duplicate assays the buttons should balance each 
other, or very nearly so. 
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To facilitate the weighing out of pure silver in the bul* 
lion assay, Mr. W. S. Ward of the U. S. Assay Office, in 
the city of New York, devised a series of standard discs, 
which run from fifty to five hundred milligrams. By tak- 
ing one or more ot these almo.st any desired weight can be 
obtained, thus saving labor and time. When obtaining a 
weight, the door of the balance should be kept closed, and 
the number of divisions marked by the needle observed, 
and also on which side of the centre-line they are. Each 
division counts i^ of a milligram on the second swing, and 
the total can either be added to or deducted from the weights 
in the pan, as the case may be ; if the button is heaviest, 
add— if lightest, subtract. On the quantitative balance the 
rider indicates milligrams and fractions of the same ; so 
that in obtaining the final weight after the pans are nearly 
balanced, the door can be closed and the rider adjusted by 
means of the rod from the right-hand side. 

The modem bullion balances are provided with a rider 
arranged in the same way, which gives fractions (usually 
fiftieths) of a milligram. 

Never lean on the balance shelf or leave the rider on 
the beam. The first may throw the balance out of adjust- 
ment ; the second, cause error in the next weighing. 



TABULATING RESULTS. AND REPORTING. 

In making an assay each result should be noted as ob- 
tained, and nothing left to memory. Care should also be 
observed in arranging and reporting. To facilitate this, a 
series of blanks will be found in Part V, from which a 
choice can be made. 
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The report should be made as simple and comprehensive 
as possible, and written in terms which a businessman can 
understand. 

It should also indicate, in the case of gold and silver, the 
ounces Troy to the ton Avoirdupois, and the value in gold 
per ton of ore, gold being taken at $20.67 per ounce Troy, 
silver variable. The value of silver by the old U. S. 
standard was $1.29 per ounce ; now, however,^ the market 
quotations per Troy ounce are taken and the value per ton 
calculated. 

Base metals, such as lead, antimony, copper, etc., are 
reported in i)ercentege. Gold and silver alloys are reported 
upon as to fineness, or the number of parts of each metal 
in a thousand parts of the alloy. 



PART n. 

DRY OR FIRE ASSAYS. 
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LEAD. SyTnbolr-'Ph. 

Sources.— The principal ores of lead are : 

Galena, sulphide (PbS) containing 86. 6 j< of lead when pure 

Minium, oxide (PbgO*) '' 

Cerussite, carbonate (PbCOs) " 
Anglesite, sulphate (PbSO*) " 
Pyromorphite, phosphate 

and chloride (SPbsPaOs 

+ PbCl3) " 76.36" " " " 

Lead also enters into the composition of many other 
minerals, such as Boumonite (3(CuPb)S,Sb2S8), Mimetite 
(3Pbs(As04)2,PbCl3), Crocoite (PbCi04), Stolzite (PbWOO, 
Wulfenite (PbMo04), and Vanadinite (3Pb8(V04)a,PbCl8). 
They do not occur, however, in sufficient abundance to be 
classed as workable ores. 

Assay.— The tire assay for lead, while inaccurate from 
a scientific standpoint, is very useful in determining the 
possible yield of an ore. 

The following are the chief causes of inaccuracy in the 
lead assay : 

1st. Loss of lead by oxidation and volatilization. 

2d. Presence of substances which alloy with the lead — 
such as gold and silver in large quantities, iron, copper, 
zinc, antimony, bismuth, etc. — and so give an impure 
button. 

3d. Presence of substances like arsenic which carry 

lead into the slag. 

63 
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The assay of lead may be performed either in the 
cnicible or muffle furnace, the methods of treating vary- 
ing with the ores. The object of the assayer is in all 
cases to decompose the ore treated, and obtain a button of 
lead, slagging ofE the gangue and other impurities. 

Methods applicable to sulphides, sulphates, etc. 

No 1. No 2. No 8. 

Ore 10 gms. Ore — 10 gms. Ore 10 gms. 

Soda 30 " KCy.. . . 40 " Lead Flux 35 " 

Argol 5 " Salt — cover 4 Iron nails or wires 

4 Iron nails or wires Borax cover 

Salt cover 

The ore and fluxes should be mixed thoroughly on 
glazed paper and then transferred to a small clay crucible, 
which should not be filled more than two-thirds full ; then 
the salt for the cover is spread on the paper to collect any 
remaining particles of ore, and then placed on the top of 
the charge. The iron wires are bent double like hair-pins, 
and held together by a loop of wire which passes over the 
side of the crucible and is used to remove them quickly 
after the fusion is completed. The wires should reach to 
the bottom of the crucible. 

Nails are used points down, held together by a wire. 
Smooth wire nails are the best. 

Fresh fuel should be placed on the crucible fire, and the 
fire poked or shaken down until the bed of coals is solid ; 
then the crucibles are put in, covered and surrounded with 
fresh fuel up to the top. If the charges are to be poured 
it is advisable to have the top well heated, so that it will 
not chill the slag in pouring. 

The fire should not be very hot — just enough to ensure 
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complete fusion ; the time depends greatly on the ore and 
the fire, but is about half an hour. The assay is not 
finished until it has been in a state of quiet fusion for 
about five minutes, but the charge should not be left in 
the furnace longer than actually necessary. 

When finished, remove from the fire, take out wires or 
nails after shaking in the slag to detach particles of lead, 
tap the crucible gently on the floor to collect the lead in 
one button, cover, and allow to cool, or pour into moulds. 
When cold, detach slag and hammer the button into a 
cube. 

If a muffle is used, half the precedmg weights may be 
found more convenient. 

Several assays can be run in a muffle at once, but care 
in heating should be observed. The muffle should be at a 
bright cherry-red when the assays are introduced, and the 
heat raised until the cover fuses. This will take about 
twenty minutes, after which the muffle is made white hot 
for about ten minutes, when a perfectly fluid fusion is 
obtained. 

If the ore has a basic gangue the addition of one or two 
grams of borax glass will help the fusion. 

The reactions are as follows : Nos, 1 and 3 : 

7PbS + SNaHCOg = 4Pb + 3(Na,S,PbS) 

Balphide of Lead Soda LmuI Sulphide of Sodium and Lead 

+ NajSO* + 4HjO + SCO, 

Sodium Sulphate Water Carbonic acid 

Na,S,PbS + Pe = Pb + Na,S + PeS. 

Sulphide of Sodium and Lead Iron Lead Sodium Sulphide Iron Sulphide 

No. 2 : 

PbS + KCN = Pb + KCNS 

Sulphide of lead Potassium Cyanide Lead Sulphocyanide of Potassium 
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Oxidized ores, carbonates, etc., can be assayed by pre- 
ceding methods, omitting the nails or wires unless a little 
sulphide is suspected, when one loop of wire or a nail may 
be left in. These ores often require a higher heat and the 
addition of borax glass to flux a basic gangue. The reac- 
tion is a simple reduction. 

2PbO + C = 2Pb + COa 

Lead oxide Carbon Lead Carbonic acid 

PbO + KCN = Pb + KCNO 

Ijead oxido Potassium Qranide Lead Potassium Qjranate 

Pyromorphite (lead phosphate) requires the addition of 
fluor spar (CaFa) or borax glass to prevent a pasty fusion 
from the sodium phosphate formed with the flux. 

A good muffle method for assay is as follows : Charge 
ore 5 grams ; flux, 20 grams of a mixture of sodium bicar- 
bonate (NaHCOs) 2 parts, potassium carbonate (KjCOs) 2 
parts, borax glass (NaaB407) 1 part, argol 1 part; nails 
and salt as usual. 

Lead slags can be assayed by fusing the pulverized slag 
as follows : 

Slag 20 gms. 

Argol 10 

Soda, Bicarb 40 

2 Iron Nails, points down. 

Salt cover 

The assay is conducted in the same way as in the treat- 
ment of ores. In very poor slags silver filings may be 
added as a collecting agent. The amount used must be 
carefully determined, and allowed for when the button is 
weighed. 

Remarks. — The following results on typical lead ores 
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give an idea of the accuracy of the assay and the relative 
merits of the different methods : 

Method. Galena. Galena and Pyrites. Cenissite. 

Gravimetric 77.74 34.62 38.02 

No. 1, S. & A 76.2 & 76.9 33.2 & 32.2 36.7 & 36.5 

No.2, KCN 75. & 74.4 36.6 & 36.5 37.7 & 37.3 

Muffle method 74.6 & 74.4 30.4 & 29. 37.3 & 36.9 

ANTIMONY. Symbol^Sh. 

Sources. — The principal ore of antimony is the sul- 
phide — called stibnite, or grey antimony ore (SbaSa)— which 
contains, when pure, 71.80 per cent, of metal. Antimony 
IS also found native combined with other metals, and also 
with oxygen. 

Assay. — In the assay of antimony ore, the assayer may 
be required to determine one of two things : 

a. The pure sulphide of antimony (antimonium cru- 
dum), which the ore may contain. 

ft. The metallic antimony (regulus of antimony), which 
the ore may yield. 

a. Determination of the sulphide. As sulphide of anti- 
mony fuses at a low red heat, it is not changed in its char- 
acter if the air is excluded, so that the following method 
may be adopted : 

Charge the broken ore into a crucible the bottom of 
which is perforated, and which iits into a second crucible for 
about half its depth. Then cover, and lute the lid and thp 
joint between the two crucibles with fire-clay and sand. 
The upper crucible only should be heated, and to effect 
this the lower can extend into the ash-pit of the furnace, 
being supported by an inverted crucible or a brick. 

The sulphide of antimony will melt and collect in the 
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lower crucible, whUe the silicious and earthy matter re- 
mains in the upper. 

h. Determination of metallic antimony. 

1st. The ore is in the state of oxide. 

Ore 10 gms. 

SodaCNaHCOs) 25 " 

Argol 6 " 

Salt cover 

This assay is conducted in the same manner aa for lead, 
only the heat must be regulated with more care, and the 
assay taken from the fire as soon as finished ; the cover be- 
ing left on the crucible while cooling. 

The reaction is a simple reduction. 

2d. The ore is a sulphide or oxide. 

Ore 10 gms. 

Cyanide of Potassium • 35 to 40 " 

Salt cover 

The charge should be well mixed, the heat low, and the 
operation performed quickly ; observing the same precau- 
tions in cooling as in the preceding method. 

This method is preferable for both oxides and sul- 
phides. 

Remarks. — The result obtained in assaying for anti- 
mony cannot be accepted as the correct amount of metal in 
the ore ; it only represents the possible yield, as the button 
often contains some other metals, which have been reduced 
with the antimony in the ore, when the latter is not pure. 
It should, therefore, be tested for iron, etc., alloyed with 
the antimony. The button should be cleaned by washing, 
and not hammered, to detach the slag, as it is brittle. 
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When the ore contains much iron and silicions matter 
the second method does not give good results. Two 
assays of impure stibnite gave 44.5 and 44.2 per cent, two 
of oxide gave 73.2 and 73.4 per cent. 

To separate from foreign metals, break the button and 
treat with concentrated nitric acid, which converts the 
antimony into antimonic acid, which is insoluble. Filter, 
wash, dry, and ignite in a porcelain crucible ; the weight 
found, multiplied by 0.790067, gives the metallic antimony. 
Often it is not necessary to treat the buttons from the 
fire assay, as the loss by volatilization more than counter- 
balances the impurities in the button. 

For wet methods see : Clark, J. Soc. Chem. Industry, 
vol. 15, page 265, 1896. Brown, J. Am. Chem. Soc, vol. 21, 
page 780, 1899. Beck and Fisher, School of Mines Quar- 
terly, July, 1899. 

BISMUTH. &ymbol-B\. 

Sources.— This metal is found principally in the me- 
tallic state, but it also occurs in combination with sul- 
phur, oxygen, and tellurium, associated with lead and 
silver. Bismuth, like lead, possesses the property of 
causing the absorption of the metallic oxides in cupel- 
lation, and may be used in place of the latter, but is not 
recommended. 

Assay. — In the assay for bismuth three cases may 
occur. 

a. The sample contains native bismuth. 

ft. The sample is composed of bismuth with other sub- 
stances, or bismuth residue. 

c. The sample is an alloy. 
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a. Determine as in the assay for " antimonium cru- 
dum," the bismuth being collected in the same way. 

b. Pulverize finely and charge : 

Ore lOgms. 

Cyanide of Potassium 40 " 

Salt cover 

Some assayers replace part of the cyanide of potassium 
with a mixture of carbonate of soda and potash and for 
poor ores use 20 gms. instead of 10 gms. of ore. 

Fuse in a moderate fire in the same manner as for anti- 
mony. The resulting button must be tested for other 
metals, and if any be present, treated as an alloy. 

c. Determine by the wet assay. (See Part III.) 
Remarks.— Bismuth melts at 268° C, and is volatile at 

a higher temperature. 

The aasay for bismuth may also be made by fusing the 
pulverized and sintered ore (prepared by heating alone in 
a closed crucible) with a known weight (five to ten gms.) 
of fine silver, black fiux, and three to five grams of iron 
wire, covering with salt. The button can afterward be 
treated as an alloy. Plattner's Manual of Blowpipe 
Analysis, page 459. 

A button of bismuth should not be hammered, as it is 
brittle. 

For the accurate determination of bismuth wet methods 
must be used. 
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TIN. Symbol— Sn. 

Sources. — The most abundant ore is cassiterite, \j^nox- 
ide (Sn02), = 78.67 per cent, when pure. It is found in 
veins and in the washings from the same under the name 
of stream tin ; sometimes it is associated with tungsten, 
tantalum, or molybdenum. Tin also occurs as a sulphide 

in stannite, tin pyrites [plk \ SuS,), and rarely in the 

native state. 

In the United States, high grade tin ore has been found 
only in small quantities, most of the ore not being rich 
enough to pay for working. 

The treatment of tin ores in the laboratory is a matter 
of some difficulty for several reasons : 

1st. The ore is often associated with a gangue, the con- 
stituents of which either form salts with the oxide of tin 
or alloy with the reduced metal from the same. 

2d. The majority of the basic fluxes at the disposal of 
the assayer combine with the tin and oxygen which may 
be present, forming stannates which go into the slag. 

3d. Acid fluxes, especially silica, form compounds with 
the oxide of tin, and carry it into the slag. The influence 
of silica can be seen by the following table, given by 
Mitchell. The last line shows the yield of metal : 

Ore 10.00 10.00 10.00 10.00 10.00 gms. 

Silica 2.50 6.60 10.00 15.00 30.00 '' 

Tin 625« 43^ 28)^ lOji none 

The fusion was made in each case with the same quan- 
tity of black flux. 
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4th. Binoxide of tin is extremely difficnlt to fnse; it 
is insoluble even in concentrated acids, and although it is 
reducible by ignition with hydrogen, charcoal, etc., there 
is always danger of loss if the temperature be too high, as 
tin boils at a white heat, air being excluded to prevent 
oxidation. 

Assay. — This will generally include a preliminary 
treatment, unless the ore is very pure and free from 
gangue, and the assay proper. 

Preliminary Treatment. — The sample of ore taken 
for assay should contain a high percentage of tin, and 
should be as free as possible from impurities. 

To remove the gangue take a weighed quantity — from 
50 to 200 grams — of the ore, ground to 60 mesh, and 
pan down under water till only the heavy cassiterite 
and associated minerals remain, dry, weigh, and either 
use all or a part of the concentrates for assay. If all 
of the concentrates are used, the weighing need only 
be done approximately, so as to get the proper quantity 
of flux, etc., as the percentage of tin is reported from the 
weight taken before panning. 

If the concentrates contain sulphur or arsenic, they 
should be roasted, first alone, then with a little carbonate 
of ammonia to decompose sulphates. If there is much 
oxide of iron associated with the cassiterite, transfer the 
residue from the roasting-pan to a casserole, and boil with 
strong hydrochloric acid till all the iron has dissolved, 
dilute, decant, wash, dry, and use the residue for assay. 

Assay Proper. — The assay proper may be divided as 
follows : 

a. Methods giving tin buttons. 

h. Methods giving alloys from which the tin may be 
calculated. 
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c. Methods giving an alloy to be treated subsequently 
in the wet way. 

a. German Method {Modified). — Ten grams of the con- 
centrated ore are mixed with 2 grams of powdered anthra- 
cite and put in the bottom of a No. 5 Hessian crucible ; 
on this is placed a mixture of 30 grams black flux sub- 
stitute and 1 gram borax glass, then a cover of salt, and 
finally several small pieces of charcoal. The crucible is 
heated in a hot coke fire for about one hour. The right 
amount of heat varies somewhat with the ore ; for Mexican 
ores the heat should be between red and white. The 
buttons should be bright, should not have a burned 
appearance, and should be easily cut. Care must be taken 
to collect any small tin buttons which may be in the slag. 

This assay can be made in a muffle, using half ther 
preceding charge. 

The theory of the assay is that the charcoal mixed with 
the ore reduces the tin, at least in part, before the black 
flux substitute fuses; then this melts, completes the 
reduction, slags oflE the gangue, and collects the button.. 
The charcoal on top is only a precaution against oxidation* 
from outside influences. 

Cyanide Method. — Put 5 grams of potassium cyanide 
in the bottom of an unlined Hessian crucible, then 10 
grams of the concentrated ore mixed with 30 grams of 
cyanide, then a layer of 5 grams of cyanide and a cover 
of salt. Fuse at a good red heat for thirty minutes. 
The regulation of the heat is very important in this 
method; too hot a fire reduces iron which gives a hard 
dull button. 

This assay can be run in a muffle, using half the 
charge, or can be modified as follows : 
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Ore, 2 to 6 grams ; KCy, 10 to 15 grams ; mix, place in 
a porcelain capsule and fuse for ten minutes in the muffle. 
When cool, place in a beaker of water to dissolve the 
slag, which is largely cyanide and cyanate of potassium, 
collect, and weigh the particles of tin. 

b. Winkler' s Method {Modified). — Put 6 grams of potas- 
sium cyanide in the bottom of a No. 5 Hessian crucible, 
then 10 grams of concentrated ore mixed with 10 grams 
of oxide of copper (CuO) and 30 grams of cyanide, then a 
layer of 6 grams of cyanide, then a cover of salt. Heat in 
a moderately hot fire for one hour. 

With every set of assays run a blank, using above 
charge omitting the tin ore, to determine the copper 
actually reduced. Subtract the weight of the copper re- 
duced from that of each of the bronze buttons, and the result 
multiplied by 10 gives the percentage of tin by this method. 

c. Take such quantities of ore and oxide of copper as 
to give a button by the preceding method of about three 
grams, of which at least two grams will be copper. Treat 
the button with nitric acid until all the copper has dis- 
solved, dilute, and boil to ensure complete precipitation 
of the hydrated oxide of tin. Filter, wash, ignite, and 
weigh the SnOa. Calculate to tin. 

Remarks.— A tin ore from Durango, Mexico, gave 
the following results : * 

Analysis Method of Rose — 66.62 per cent, 
(a) German Method (Average). 63.92 " " 
(a) Cyanide Method '' 65.19 " " 

(6) Winkler's Method " 63.95 " " 

(c) JJfitric Acid Method '' 63.92 
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Tin assays should be run in duplicate, and the average, 
not the highest, result reported. Duplicates should agree 
within i per cent, on a rich ore. 

IRON. Symbol— Fe. 

Sources. — The following is a list of the principal ores 
of iron: 

Magnetic iron ore, mag- 
netite, oxide, (Fe804). . Cont'g 72.41 ^ of iron when pure* 
Bed hematite or specular 

iron, oxide, (FeaOa). . . " 70.00 
Brown hematite or li- 

monite, oxide, (2Fe203. 

3H2O) " 69.92 

Spathic iron ore, siderite, 

carbonate, (FeCOs)- . . " 48.22 " " *< 
Ilmenite (mennacanite),ti- 

tanif erous ore (FeTiOs 

+ nFe208) " 36.82 " " " " 

Franklinite ((Fe,Zn,Mn) 

(FeaMnaA) " 48.00 " " " " 

Chromite (FeCr204). Also sulphides, as pyrite, pyrrho- 

tite, etc. 

Assay. — It is required in the assay for iron not only to 
reduce the oxide to cast iron, collect the latter in a button, 
and to form a fusible slag that will not retain any of the 
iron in combination or in i)ellets, but also to use such 
fluxes and so adjust them, that the results will indicate the 
character of the ore, quality of iron it will yield on smelt- 
ing, etc. The oxide is reduced by carbon, and we employ 
for this purpose crucibles lined with brasque, which is a 



a 



76 IRON. 

mixture of four parts finely pulverized charcoal to one 
part of molasses. (To prepare this see page 22.) 

The lining also serves as a support for the crucible, 
which under the high heat is apt to soften. 

In making up the charge we may have, (1) ores of 
unknown composition, and (2) ores previously analyzed. 
The assay in both cases gives a clue to the nature of the 
slag, the iron that may be obtained from the ore, and the 
character and proportion of the fluxes to be added in 
the blast-furnace. In the first case we obtain additional 
information as to the approximate percentage of iron. 

1. Ores of unknown composition. 

In the assay of an ore the composition of which is un- 
known we make several preliminary assays, and if satis- 
factory results are obtained we make another assay with a 
charge modified according to the indications of the best 
preliminary assay. 

Preliminary assay charges : 

1. 2. 8. 4. 

Silica 2.6 1.0 4.0 2.6 to 0. gms. 

Lime 2.5 4.0 1.0 2.5 to 3. " 

Ore 10.0 10.0 10.0 10.0 " 

1, is employed for the purer ores containing very little 
gangue ; 2, for ores containing silica ; 3, for ores contain- 
ing the carbonates of lime or magnesia, protoxide of man- 
ganese, etc., calcareous hematites and spathic iron; 4, for 
ores containing silica and alumina, clay ironstones, black- 
band, etc. 

The principle involved is that of furnishing a base for 
an acid, and vice versa. The charge, therefore, depends 
upon the acid or basic nature of the gangue of the ore. 
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Ores containing titanium require the addition of fluorr 
spar to the charge in quantity varying from 0.5 to 10 gms. 

2. Ores previously analyzed. 

Good results are obtained from a charge proportioned 
to yield a slag corresponding to a blast-furnace cinder, 
having the composition 2(2RO,Si08)+2R208,3Si02, called 
Percy's slag. 

RjOs represents alumina, and BO lime, magnesia, and 
other bases. Its approximate percentage composition is as 
follows : 

Silica. 38] f 2i parts. 

R2O8 (alumina) 15 }- or about j 1 " 

RO(lime, magnesia, etc.).. 47 J [s " 

The method of chai^ging can best be shown by an ex- 
ample : 

The Ore Per 10 gma. of Slag Difference 

Coutains Cent. Ore Contain Required, to be Added. 

Silica 1.65 0.165 gms. 2.50 gms. 2.336 gms. 

Alumina. 1.94 0.194 '' 1.00 " 0.806 " 

lime, magnesia, etc. 4.51 0.451 " 3.00 " 2.549 " 

The alumina is added in the form of kaolin or fire-clay, 
which contains nearly equal parts of alumina and silica. 
Allow in adding silica for that introduced in the kaolin. 

Sometimes the ore contains an excess of one of the in- 
gredients of the slag, or the silica introduced with the 
kaolin may, when added to that already present, increase 
the quantity beyond what is required. In either case make 
up a new slag with the excess, retaining the same propor- 
tion between the silica, alumina, and lime, viz. : silica, 2i ; 
alumina, 1 ; lime, 3. For examples, see Part V. 

The charge should be thoroughly mixed, placed in the 
crucible, the conical cavity closed with a piece of charcoal, 
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and the whole top of the crucible covered with a luting of 
lire-clay. The latter is a mixture of clay with one fourth to 
one third part of fine sand made plastic with borax-water. 

Four crucibles are introduced in the furnace luted to 
fire-bricks, and a low fire kindled around them. The fuel is 
added gradually until it is above the tops of the crucibles ; 
the fire is maintained at its maximum temperature for two 
and one half to three and one half hours. Ores containing 
much titanium require four hours, while carbonates con- 
taining manganese fuse well in two and one half hours, or 
even less time. When the fire has burned out, the bricks 
and crucibles are removed in one mass, allowed to cool, 
the crucibles detached and their exteriors broken with a 
hammer ; on inverting and tapping the charcoal Uning the 
slag and button of cast iron will fall into the hand. If 
these adhere together, a slight tap serves to separate 
them, but before separation they should be carefully 
cleansed and weighed ; the slag may then be broken, and 
any particles of iron removed with a magnet, and weighed 
with the button. 

Titanium and manganese enter the slag almost com- 
pletely. Duplicate assays should not differ more than 0.3 
to 0.4 of one per cent. The slag ought to be well fused 
and free from iron. A good button is well formed and 
easily detached from the slag. 

If the metal be of good quality, the button will flatten 
slightly before breaking. It ought to be gray or grayish 
white, and the grain fine. 

A button of bad iron breaks readily without changing 
form. 

Transparent slags of a greenish tint indicate excess 
of silica. A rough, stony slag, or one crystalline in struc- 
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tiire and dull in lustre, indicates an excess of base. If 
the product is only fritted and contains the reduced iron 
interspersed as a line gray powder, silica and alumina 
are deficient in the flux, lime and magnesia being in 
excess. 

Magnesia is one of the most refractory bases found in 
iron ores, and when present in quantity requires an addi- 
tion of both silica and lime. 

Manganese gives an amethystine tint to the slag, or if 
in excess a yellow, green, or brown color. 

Titanium produces a resinous, black, scoriaceous slag, 
curiously wrinkled on the outside, and covered with me- 
tallic pellicles of nitro-cyanide of titanium with its char- 
acteristic copper color ; sometimes the slag is vitreous and 
of a bluish tint 

Chromium gives a dark resinous slag surrounded with 
a thin metallic coating. 

Phosphorus gives a hard, brittle, white metal, called 
cold-short iron. 

Sulphur gives a strong, reticulated, mottled structure, 
and red-short iron. 

Manganese gives a button smooth on the exterior, 
hard and non-graphitic; it presents a white crystalline 
fracture. 

Titanium. — The button is smooth on the outside, has a 
deep gray fracture, and adheres strongly to the slag: 
it is sometimes covered with nitro-cyanide of titanium. 

Chromium. — The button is smooth, well fused, with a 
brilliant crystalline fracture, and tin-white color; some- 
times it is white and only half fused, or it may even form 
a spongy looking mass of a clear gray color, according 
to the quantity of chromium contained in the iron. 
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Remarks.— A number of typical ores gave on assay : 

Ore. Iron by Analysis. By Fire Assay. 

Magnetite 68.35 per cent. 69.6 71.2 71.3 per cent. 

Hematite 44.50 " 44.6 46.0 48.6 '' 

Limonite 44.20 '' 44.3 44.6 45.2 '* 

Magnetite 64.0 and 64.5 per cent. 

Hematite 39.0 '' 38.5 " 

Limonite 84.0 " 34.0 '' 

Assays of magnetite containing titanic acid gave 72.5 
and 73 per cent. 

Other slags besides the one given might be used, as 
Bodemann'Sj (CaO,Si02 + A.l203,3SiOa) which is: silica, 
56 ; lime, 30; alumina, 14 per cent. ; an addition of a little 
borax and fluor-spar makes this slag more fluid. 

It is very important from an economic standpoint to 
have a minimum amount of slag, and in an ore containing 
an excess of silica, if a new charge of slag is made up to 
provide for the excess this should be kept in mind, to 
prevent waste of fuel and flux. In Percy's slag SiOg 2.5 : 
AI2O3 1 : CaO 3, besides being the proper ratio of acid to 
bases, is thfe weight in grams of slag required for ten 
grams of ore. 

The following example illustrates the methods of cal- 
culating the minimum correct slag when silica is in excess : 

Suppose an ore contains 

In 10 Grams. Required. To Add. 

Si02 22 per cent. 2.2 grams. 2.5 grams. 0.3 grams. 
AI2O3 4 '' " 0.4 " 1.0 " 0.6 " 



CaO 16 " '' 1.5 " 3.0 " 1.5 



(( 



We may add silica or lime direct, but as pure alumina 
is difficult to obtain, the deficiency of alumina is made up 
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by adding kaolin, which is half alumina and half silica. 
Make the alumina right by adding kaolin 1.2 grams. 
The excess of silica is now 0.3 of a gram. Make up a new 
amount of slag for this excess as follows : Let x = weight 

of kaolin to be added; then ^ equals alumina, and ^ equals 

X X 

silica, ^ + 0.3 : ^ :: 2i : 1, or the silica added + the silica 

present is to the alumina added as 2J is to 1. Solving 
gives X =0A, 

Lime is always three times the alumina, hence lime 

to add = 1.5 + 3(9) =2.1 grams ; 1.5 grams is the orig- 
inal deficiency in lime, 0.6 of a gram is the lime needed by 
the excess of silica. 

Proof : SiOg 2.2 + 0.6 + 0.2 = 3.0 -5- 1.2 = 2.6. 
AlaOa 0.4 + 0.6 + 0.2 = 1.2 — 1.2 = 1.0. 
CaO 1.5 + 1.5 + 0.6 = 3.6 -r- 1.2 = 3.0. 
This example may also be done as follows : 
Take the number of grams of AlaOs in 10 grams of ore 
as unity. 

Correct 
In 10 Grams. Required. Proportion. Excess. 

SiOa 22^ 2.2 grams. 2.5 grams 1.0 1.2 

AlA 4'' 0.4 " 1.0 '^ 0.4 

CaO 15" 1.5 ** 3.0 '' 1.2 0.3 

Make up slag for the excess : 

|+1.2:|::5:2;a: = 1.6. 
Lime to add : l.(i X iS^ - 0.3 = 2.1. 



The result is the same by both methods. Kaolin to 
add, 1.6 grams ; lime, 2.1 grams. 
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COPPER. Sy7nbol—Gu. 

Sources. — The substances containing copper may be 
divided into three classes : 

1st. Pure or oxidized ores. 

2d. Impure ores, or compounds of copper and other 
metals with sulphur, arsenic, antimony, etc. 

3d. Native copper and alloys. 

The most abundant ores of copper are : 

Native copper and its silver alloy... .Containing 100.0^ 

Cuprite, red oxide (CU2O) " 88.8'' 

Malachite, carbonate and hydrate 

(CuCOs + CUH2O2) " 

Azurite, carbonate and hydrate 

(2CuC08 + CuHA) 

Chalcocite, copper glance (CU2S). . . " 

Chalcopyrite, copper pyrites (Cu 

FeSa) ... 

Bomite, purple copper (FeCusSs)... " 

Enargite (CugAsS^ '* 

Compounds with arsenic, antimony, lead, mercury, etc., 

the chloride, atacamite, and the silicate, chrysocolla. 

Assay. — Copper can best be determined in the dry 

way by roasting the ore with carbonate of ammonia and 
then fusing with arsenic and slagging oflf the 
other arsenides combined with it. This method 
is exact, but requires practice. It serves to 
determine, besides the copper, lead, bismuth, 
cobalt, and nickel. The crucible used for the 
fusion is shown in Fig. 36. The assay can be 

Fig. 36. conducted in the muffle furnace, and involves the 

following operations : 
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d. Roasting with ammonium carbonate. 

ft. Treatment of the roasted ore with metallic arsenic. 

c. Fusion with fluxes to collect the arsenides in a 
button and to separate lead and bismuth. 

d. Separation of the arsenide of iron, etc., from the 
arsenides of nickel, cobalt, and copper. 

e. Separation of the arsenide of cobalt 

/. Fusion with gold and separation of arsenide ot 
nickel. 

For details of the assay see method for nickel and 
cobalt, pages 84 to 87 ; also Watts' Dictionary of Chem- 
istry, Vol. II., page 63. 

The dry assay for copper has been almost entirely 
superseded by the electrolytic and volumetric methods. 
These are fully described in Part IIL Should the assayer 
not have the apparatus required for the wet assay, the 
following method will aflford an approximate idea of the 
percentage of copper in a rich ore or matte. 

Charge for Copper Matte. — Matte 10 grams; roast 
alone, then with ammonium carbonate, and then with 
charcoal ; mix with potassium cyanide, 80 grams ; borax 
glass, 3 grams ; and place in a No. 6 Hessian crucible ; 
cover with 10 grams of potassium cyanide, then with salt ; 
fuse in a hot fire for about half an hour. 

Kemabes. — A matte, free from antimony and zinc, 
containing 54 per cent, of copper gave by the cyanide 
method buttons weighing 5.33, 5.36, and 5.34 grams. Such 
satisfactory results cannot be obtained with ores or mattes 
containing other metals which will be reduced and alloy 
with the copper. For ores, 2 to 4 grams of oxide of iron, 
hematite, should be added to the charge to prevent the 
loss of copper in the slag. If the resulting button is 
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evidently impure, it can be refined by fusing in a scori- 
fier in the muffle with a little pure lead, 1 to 2 grams, 
and about the same amount of borax glass ; when the 
copper is nearly refined, it brightens and shows a peculiar 
green color. There is generally considerable loss of copper 
in the slag. 



NICKEL AND COBALT. Symbols— Ni and Co. 

Sources. — These two metals are generally found associ- 
ated, and their treatment will be described under the same 
head. 

The principal ores of nickel are niccolite, copper nickel 
(NiAs), = 43 per cent, nickel when pure ; Millerite, sul- 
phide (NiS), =64.4 per cent, nickel when pure. 

The principal ores of cobalt are smaltite, tin- white co- 
balt ((Co,Fe,Ni)As2) , = 9 to 33 per cent, cobalt when pure ; 
cobaltite (C0S2 + CoAsa), = 35.5 per cent, cobalt when pure. 

Both nickel and cobalt occur in many other minerals, 
chiefly in combination with sulphur or arsenic, and associ- 
ated with iron, copper, lead, etc. 

We have also an artificial product called "spiess," 
which is an arsenide of cobalt, nickel, and iron, obtained in 
the smelting of ores which contain nickel and cobalt, and 
in the manufacture of smalt (cobalt glass). 

Assay.— Cobalt and nickel are difficult to fuse, and are 
therefore determined in combination with arsenic. Weigh 
out from two to five grams according to the purity of the 
ore, roast thoroughly in the muffle, using a clay roasting- 
dish, and mixing with six to ten grams of fine charcoal 
toward the end of the operation. When the sample has 
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ceased to evolve fumes, mix thoroughly with one to five 
grams of ammonium carbonate, and heat. The resulting 
oxides are then converted into arsenides by moistening and 
rubbing in a mortar with one to five grams of metallic ar- 
senic, and heating the mixture in a small clay crucible 
(Fig. 36), which will stand in a muffle. Keep at a dull red 
until the fumes of arsenic have ceased ; then the crucible is 
removed, and about thirty grams of black flux, or its sub- 
stitute, and one or two grams of borax glass are added, with 
a covering of salt. Do not mix the flux, but place it over 
the mass in the crucible ; after which heat in a good fire, 
raising the temperature gradually, until the contents of 
the crucible are in a quiet state of fusion. Make the heat 
strong toward the end of the operation, but be careful not 
to let the charge boil over. Cool and break the crucible, 
remove and weigh the button (a) of arsenides of cobalt, 
nickel, iron, copper, etc. The rest of the process consists 
of scorifying the button, first to remove the iron, and 
afterwards to separate the nickel and cobalt. This can 
be done in a shallow dish, or on a piece of clay crucible 
about two inches long by one inch wide and slightly con- 
cave, in the cupel muffle, which should be very hot and 
contain a piece of glowing charcoal in front. Place on 
the dish the button of arsenides from the fusion and 
cover it with borax glass. Introduce it into the muffle 
and close the latter until the button and borax are fused, 
then allow air to enter. The arsenide of iron will oxidize 
first and go into the slag, and the surface of the button 
will become bright, then the dish should be removed im- 
mediately, placed upon the surface of a basin of water 
until the button solidifies, and then immersed ; or the 
button can be removed with a pair of pincers while the 
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slag is fluid. If the slag shows a slight blue color, the iron 
is entirely removed, and the button may be cleaned and 
weighed (J). 

If the desired purity from iron is not obtained by one 
scorification, repeat the operation, weighing the button 
each time. Should the button become bright immediately, 
showing that little or no iron was contained, take the 
previous weight. The button will consist of the arsenides 
of nickel, cobalt, and copper (Ni4As2, C04AS2, CueAs2). 

Next slag off the cobalt in the same manner as the iron. 
This operation must be continued until an apple-green 
film forms, which will float about on the surface of the 
button, best seen by partially cooling the assay. Weigh 
the button (c). 

If copper is present, add 100 to 600 milligrams of 
gold (weighed), and then proceed to slag off the nickel 
with the addition of a little salt of phosphorus, conducting 
the operation as before until the button shows the bluish- 
green color peculiar to an alloy of gold and copper when 
melted. Weigh the button of gold and copper {d). 

To determine the weight of copper subtract the weight 
of gold added from the button {d). The difference will be 
the metallic copper. To determine the weight of nickel 
multiply the weight of the copper by 1.3936 ; this will give 
the arsenide of copper (CueAs2), which subtracted from 
the weight (c) will give the arsenide of nickel. This 
multiplied by 0.60986 = the nickel. To determine the 
cobalt subtract the weight (c) from (6) and multiply by 
0.61083. 

The results thus obtained divided by the weight of ore 
taken for assay and multiplied by 100, gives the percentage 
in each case. 
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Remarks. — Results for nickel compare well with the 
electrolytic process. The composition of the arsenides is : 

Cu^Sa. Ni4As2 , C04AS3 , 

As = 28.34 per ct. As = 39.01 per ct. As = 38.92 per ct. 
Cu = 71.76 '' Ni = 60.99 " Co = 61.08 '' 

When the ore treated contains bismuth and lead in any 
quantity, these metals can be separated during the fusion 
with black flux by adding one gram of iron wire, and one 
to three grams of pure silver, accurately weighed. After 
fusion the lead and bismuth will be found alloyed with the 
silver, and can be detached without trouble from the ar- 
senides. By deducting the silver the lead and bismuth 
may be determined. When the substance treated is poor 
in nickel and cobalt, it is well to add some collecting agent 
in the fusion. Arsenide of iron is the best for this pur- 
pose ; it may be prepared by fusing iron filings with metal- 
lic arsenic in a crucible and powdering. 

MERCURY. Symbol— Rg. 

Sources.— The principal ore of mercury is cinnabar, sul- 
phide (HgS), = 86.27 when pure. It also occurs in the me- 
tallic state, alone and amalgamated with silver, gold, etc., 
and is sometimes found combined with chlorine, as horn 
mercury (HgjCla). 

Some varieties of tetrahedrite (gray copper) contain 
from 0.5 to 17 per cent, of mercury. 

Assay. — The determination of mercury is made by dis- 
filiation, 

(1) Ores, Usually Sulphides.— 100 to 600 grams of the 
ore according to the richness, is mixed with a desulphuriz- 
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ing and a reducing agent, and charged in a retort. The 
following reagents may be used : 

Black flux, weight equal to weight of ore. 

Black flux substitute, 160 per cent, of weight of ore. 

Iron filings, 50 per cent., and charcoal, 30 per cent. 

Lime, 30 per cent., and charcoal, 30 per cent. 

The retort may be of iron, glass, or clay (glazed) with a 
bent neck, the end of which is placed under water in a 
glass vessel. It is better also to wrap the neck of the re- 
tort with a damp cloth. The retort may be heated over a 
small charcoal furnace, or in any way by which the heat 
can be applied slowly, and the whole body of the retort 
heated to prevent condensation of the mercury on the top. 
When after heating some time no more mercury comes 
over, the end of the neck should be lifted out of the water 
to prevent its being drawn over into the retort. The lat- 
ter is allowed to cool slowly, and all adhering particles of 
the metal are brushed with a feather into the glass re- 
ceiver, where they can be collected by boiling the water 
for a moment. The water is then decanted, and the mer- 
cury dried at the ordinary temperature or with blotting- 
paper and weighed on glass. 

(2) Metallic Mercury and ATrhalgarrhS. —JAsMW with- 
out the addition of any decomposing agent, otherwise 
conducting the operation as above. The heat used need 
not be so high, mercury being very volatile. For the 
treatment of amalgam small iron crucibles, with an escape- 
tube for the mercury, can be purchased of almost any 
apparatus-dealer. 

Remarks.— For aU distillations the retort must be 
tight. For this reason glass or iron retorts are the best. 
Earthen retorts should be glazed. The operation should 
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be conducted under a hood, care being taken not to inhale 
any of the fumes. 

The mercury can be conveniently removed from small 
quantities of amalgam to be assayed for gold and silver by 
placing in a scorifier, and inverting over it a second scori- 
lier of the same size, through the bottom of which a small 
hole has been bored ; the two scorifiers are luted together 
and heated gently in the muffle until the mercury has 
been expelled. The top scorifier is then removed, test-lead, 
etc., added to the residue, and the assay completed as 
usual for the determination of the gold and silver. 

For a very convenient distillation method see Chism, 
Engineering and Mining Journal, vol. 66, page 486, 1898. 

For electrolytic methods see J. Am. Chem. Soc, vol. 
18, pages 96 and 169, 1896. 



GOLD AND SILVER. Symbols— An smd Ag. 

Sources.— All substances containing gold and silver 
may, for the purpose of the assayer, be divided into two 
classes : 

Class 1. Minerals or ores, including incidental indus- 
trial products. 

Class 2. Metallic gold and silver and alloys, native 
or artificial. (See Assay of Gold and Silver Bullion.) 

Ore>9, — The principal ores of gold are native gold, 
usually in a quartz gangue or associated with pyrite (iron 
pyrites) (FeSj), chalcopyrite (copper pyrites) (CuFeSg), 
arsenopyrite (mispickel) (FeS2,FeAs2), sphalerite (blende) 
(ZnS), galena (PbS), tetrahedrite (gray copper), etc., also 
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compounds of gold, such as sylvanite, hessite, and other 
tellurides. 

The more important silver ores are native silver, ar- 
gentite or silver glance (Ag,S), stephanite (SAgaSjSbaSs), 
pyrargyrite (dark ruby silver) (8Ag2S,Sb«Ss), proustite 
(light ruby silver) (SAgaSjAsgSs), cerargyrite (horn silver) 
(AgCl). Silver is also found associated with stibnite and 
with the same minerals as gold. 

For a more complete list of gold and silver minerals 
see Part V. 

Assay of Ores. — Assays of gold and silver ores are 
made in almost the same manner, so that a general de- 
scription will answer for both. They embrace the follow- 
ing steps : 

1st. Preparation of the sample. 

2d. Collection of the gold and silver in a lead button. 

3d. Scorification of the lead button, if necessary. 

4th. Cupellation of the lead button. 

5th. Weighing the gold and silver bead. 

6th. Inquartation and parting (separation of the gold). 

7th. Weighing the gold. 

8th Calculating results and reporting. 

Preparation of the Sample, — Great care should be 
taken in grinding and sampling gold and silver ores. All 
apparatus must be clean and free from the ore previously 
pulverized. The ore should be ground to from 80 to 100 
mesh unless it contains scales of precious metal; in this 
case see page 104, also under Sampling, Part I. 

Collection of the Gold and Silver in a Lead BtMon,— 
This is effected in a crucible or scorifier, hence two 
methods of assay: {a) Crucible. (6) Scorification. 

(a) Cfrtccible Assay. — This is best adapted for all gold 
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without any exception,* for low-grade silver ores, and 
for pure rich silver ores having a basic gangue, or *' carbon- 
ate" ores, and for chloride ores. One great merit in the 
crucible assay is the large amount of ore taken, which 
affords a much better average than can be obtained by 
scorification, and thus ensures accurate results, especially 
for gold, from ores and tailings which would show nothing 
or only a trace by scorification. 

The theory of the crucible assay is that enough oxide 
of lead shall be reduced throughout the charge to collect 
all of the gold and silver, that the fluxes shall combine 
with the gangue of the ore so as to give an easily f usibk 
slag, usually a double silicate, and that the oxidizing or re- 
ducing agents added will regulate the reduction and give a 
button of the proper size, viz., about 18 grams. 

The charge of ore, fluxes, etc., cannot be given in an 
absolute form, as all the ingredients except perhaps the 
salt cover, are variable. 

The amount of ore taken varies from J to 4 A.T., de- 
pending on its richness. The litharge varies from 1 A.T. to 
6 A.T. The quantity of soda is usually the same as of ore. 

Silica varies from to 3 A.T. , depending on the charac- 
ter of the gangue ; basic gangues, such as limestone, dolo- 
mite, barite, fluor-spar, siderite, clays, and metallic oxides, 
require much silica, while acid gangues, like quartz, sand- 
stone, granite, feldspar, and some clays, require but little 
or none. It should be remembered, therefore, that a 
basic ore will require an acid flux, and an acid ore a basic 
flux. 

The oxidizing and reducing agents depend on the pres- 
ence or absence of arsenic, antimony, zinc, and sulphur, 

* See Pulton, Assay of Telluride Ores, S. of M. Quarterly, vol. 19. p. 419. 
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the common reducing impurities, and of oxides of manga- 
nese or iron which oxidize. 

In the case of a pure ore, such as native gold in quartz, 
the amount of reducing agent to be added should be that 
which will reduce about 18 grams of lead, say 1.5 to 2 grams 
of argol, or 0.75 of a gram of charcoal. 

Preliminary Assay.— It the ore contains sulphides, 
etc., it is often necessary to make a preliminary assay to 
determine its reducing power, and obtain data to regulate 
the size of the button. 

Charge : ore, 5 grams ; litharge, 80 grams ; soda, 20 
grams ; borax glass, 5 grams ; mix as usual, place in a 
small sand crucible, and cover with salt. The fire should 
be bright and effect the fusion in about 15 minutes. 
When the fusion is quiet, withdraw, tap, cool, breaks 
hammer, and weigh the button. 

Four cases may arise : 

1st. No lead reduced. This shows that the ore either 
has no reducing power or has a positive oxidizing power. 

2d. Less than 3 grams of lead reduced. If 1 A.T., 
assumed to be 30 grams for calculation, is taken for assay, 
the lead reduced will be the weight of the lead button from 
the preliminary assay multiplied by 6, so that if this is less 
than 3 grams, to give an 18-gram button we must add 
argol or charcoal to make up the deficiency. 

3d. Three grams of lead reduced. This will give a but- 
ton of the proper size if 1 A.T. of ore is used, i.e., 3 X 6 = 18. 

4th. More than 3 grams. Suppose the button weighs 
6 gi-ams, 1 A.T. of ore will give 36 grams, or 18 grams 
in excess, so enough nitre is added to oxidize 18 grams 
of lead, or y = 4.5 grams. The oxidizing power of the 
nitre used must be determined, as already described. 
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Should the ore have an oxidizing power, which will be 
readily seen from its reddish or brown color, the follow- 
ing charge will show the amount of argol to be added : 
ore, 5 grams ; PbO, 80 grams ; soda, 20 grams ; borax 
glass, 6 grams ; argol, 3 grams ; salt cover. 

From the deficiency in the weight of the lead button as 
compared with the amount reduced by three grams of argol 
the oxidizing power of the ore is easily calculated and from 
this the quantity of reducing agent to add is estimated. ,. 

The reducing power of a sulphuret depends considerably 
on the character of the flux ; if acid, the sulphur oxidizes 
to SO2 ; if basic, to SO3 and forms alkaline sulphates. 
In the preliminary assay the object is not to determine the 
theoretical reducing power, but the reduction under cer- 
tain conditions, which should approach as nearly as pos- 
sible those of the regular assay. 

The following results were obtained according to the 
charge as given : * 

rk*o Orams Pb Reduced 

^^' by 1 Gram. 

Pyrite 11.60 

Copper pyrites 8.90 

Zinc blende 8.30 

Stibnite 6.20 

Galena 3.35 

If the soda and borax glass are omitted, the lead 
reduced will be less, as already explained, and agree 
better with the calculated theoretical reduction. 

The following table shows results obtained by use of 
preceding charge for preliminary assay : 

* Beringer's Assaying, page 98. 
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Button Calculated nitre,* Button obtained from 
Ore. from KNO., for IS- 1 A.T. Ore. and nitre aa 

5 grams, gram button. calculated. 

Sulphuret 22.90 33.0 23. 1 

Zinc blende 30.10 41.0 21.3 

Zinc and copper. . . . 14.76 19.0 17.4 and 21.1 

Galena and pyrites. 28.90 41.80 16.5 and 17.0 

Antimonial 13.81 17.36 20.88 

Roasting. — Ores containing a large amount of sulphur, 
arsenic, antimony, or zinc should be roasted. In the 
former case if the ore is not roasted there will be danger 
of the formation of compounds, which, though fusible, 
are not decomposed at a white heat and enter the slag 
carrying silver with them. A large quantity of nitre is 
liable to boil over ; even should this not occur, the evolu- 
tion of vapors puflfs up the mass and lead may be left 
adhering to the sides of the crucible. Arsenic and anti- 
mony produce arseniates and antimoniates, which carry 
silver into the slag. Zinc also increases the loss of silver 
by volatilization and in the slag. 

The ore may be roastec( in the muffle or in an iron pan 
over the furnace. The pan should be coated with red 
ochre or chalk, which protects it and helps to prevent loss 
of ore. 

The weighed sample must be spread over the pan, and 
stirred until all danger of fusion is past. The ore must be 
heated gradually, not above a dull red for some time, and 
finally to a full red or higher heat. Too high a tempera- 
ture at the outset causes the fusion of sulphides and the 
formation of matte troublesome to roast. A rapid dis- 

* Oxldiziug power of nitre used, 3.6 grams of lead. Some ores having a 
very high reduciug power do not give such satisfactory results, the button 
obtained being less than would be expected. 



GOLD AND SILVER. 95 

engagement of arsenic, antimony, or zinc will also cause a 
mechanical loss of silver. Should fusion occur, it is better 
to weigh out a fresh portion of ore and roast it again. 
The operation may be considered finished when, after 
keeping the pan at a full red heat for some time, no 
fumes can be seen or smelled. 

If copper pyrites be present, after roasting, cool, and 
mix some ammonium carbonate with the ore. Cover 
and heat the pan until fumes have ceased. The sulphates 
are converted into volatile ammonium sulphate, which 
passes oflf. 

Arsenic and antimony require the addition of fine char- 
coal to reduce oxides or arseniates and antimoniates formed 
in roasting, care being taken to burn out all the charcoal. 
If the ore contains a fusible sulphide, such as antimony 
glance or galena, mix with some fine sand before roasting. 
Ores may be roasted in the muffle, in the roasting dish 
already mentioned, page 23. 

An ore which has been "dead" roasted should have 
no reducing power, and may have an oxidizing power due 
to the sesquioxide of iron formed in roasting, if the ore 
contained pyrites. 

Inhesion.— The prepared charge is thoroughly mixed 
and placed in a crucible. A hot fire is employed, and the 
crucible removed when complete fusion has taken place. 
This requires from thirty to forty-five minutes. The 
crucible is tapped gently on the fioor, poured, or broken 
when cold. 

After preparing a charge from the data obtained from 
the preliminary assay it should be fused, and the slag care- 
fully examined before running a duplicate, so that silica 
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or borax glass may be added if the slag is basic, or any 
mistakes as to reducing power corrected. 

(6) ScoTification Assay.— Tins method is applicable to 
any rich ore, however impure, and is particularly valuable 
for sulphides rich in silver. 

The reagents for scorification assay are pure granulated 
lead and borax glass. 

An alloy of lead with the precious metals and a slag 
composed of litHarge with the impurities and gangue of the 
ore are formed. The proportions of lead and borax will 
vary, and should be greater as the gangue and metallic 
oxides are more difficult of fusion. The following table 
shows the proportions found by experience to be adapted 
to the different ores; they are referred to one part 

of ore : 

Parts Parts 

Cliaraoter of Ore. Test-lead. fioraz Qlass. 

Quartzose gangue 8-10 0.00 

Basic gangue 8-10 0.25-1.00 

Galena 6 0.15 

Arsenical 16 0.10-0.50 

Antimonial 16 0.10-1.00 

Fahlerz (tetrahedrite) 12-16 0.10-0.15 

Iron pyrites 10-15 0.10-0.20 

Blende 10-15 0.10-0.20 

Copper 10-20 0.10-0.15 

Nickel or cobalt 20 0.15-0.20 

Tin 20-30 0.15-0.26 

In most cases one fifth of an assay ton of ore and 
forty to fifty grams of lead will be found to work well. 
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The ore and one half the lead are mixed in the bottom of 
the scorifier, and the rest of the lead poured over the 
mixture so as to form a cover, two or three lumps of 
borax glass the size of a pea being placed on top. The 
charge of ore varies from one third to one twentieth of an 
assay ton according to its richness, and if one scorifier will 
not contain it, weigh equal fractional parts for the number 
required, rather than to weigh the whole charge and 
roughly divide it between the scorifiers. 

Four distinct periods may be noted in the working of 
an assay : (1) Melting. (2) Roasting. (3) Fusion. (4) Sco- 
rification. 

(1) A strong heat is maintained at first to melt the lead. 
This is effected by closing the muffle and increasing the 
draft. As soon as the lead is fused the muffle is opened, 
and the ore is seen floating upon the surface of the lead. 
In a large muffle it is sufficient to place the scorifier in the 
back part first, and move it forward when the lead is fused. 

(2) The roasting commences and is continued at a 
moderate heat until no more fumes are seen and the ore 
has disappeared. 

(3) The heat is raised in order to fuse all the material. 
When the fusion is complete, clear white fumes of lead 
arise from the scorifier, there is a play of colors across the 
surface of the lead and the slag encircles the metallic bath 
like a ring. The borax glass plays an important part just 
here by giving liquidity to the slag, so that it can be 
thrown to the side as fast as formed, exposing the lead for 
oxidation.. If borax glass is not added, and the ore con- 
tains much gangue and is not easily fusible, the scoriae will 
float in masses over the lead, impeding the oxidation. 

(4) When fusion is complete, the heat is lowered to a 
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coDstant point, until the ring of slag, which is continually 
growing smaller, closes over the lead. Then the heat 
should again be raised to liquefy the slag and allow the 
lead to settle, after which the scorifier is removed from the 
furnace, cooled or poured. Hammer the button as usual. 
The whole assay occupies from thirty-live to fifty minutes. 
Too much borax should not be added at first ; it is better 
to add only a portion with the ore, and to introduce the 
rest as needed during the operation, wrapped in a small 
piece of paper. 

The lead button from the scorification assay should be 
soft, malleable and weigh about twelve grams. 

The scorification assay requires more attention and 
greater skill than the crucible assay. Sometimes masses of 
ore adhere to the sides of the scorifier and so escape the 
action of the litharge ; these must be dislodged by shak- 
ing the scorifier with a rotary movement. If crusts of 
antimony oxide, etc., form, they may be removed by add- 
ing a pinch of charcoal. 

When the scorification is proceeding satisfactorily, the 
slag is well fused, dark, and clear ; the lead in the centre is 
bright. The heat should be as low as is consistent with 
perfect scorification. Pure ores will stand more heat than 
impure ones, such as zinc blende, stibnite, etc., without 
causing loss of silver by volatilization and in the slag. 

If a scorification works badly, it usually needs more 
heat, lead or borax glass. 

For very impure ores roasting preliminarily in the scori- 
fier at a low heat before adding test-lead and borax glass 
will facilitate the subsequent operations. 

Scorification of the Lead Button, — This process is 
not essential to the assay of many ores, and should be 
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avoided, for, besides requiring time, it introduces an extra 
operation and so causes another trifling loss of precious 
metals. It is necessary when the button is too large, hard 
or brittle, or where buttons from several assays are com- 
bined before cupellation. The object is either to reduce 
the size of the button or to remove some impurities which 
would interfere with the cupellation, or both. 

To reduce the size of the button, place it in the scorifier 
with a pinch of borax glass and allow to scorify until the 
button is the proper size. It is not usually necessary to 
allow the slag to cover over. 

If the button is the right size, but hard or brittle, about 
20 grams of test-lead and a pinch of borax glass must be 
added. 

If the button is large, say 40 to 50 grams, and impure, 
scorify with the addition of borax glass only. 

Brittle buttons are caused by the presence of arsenic, 
antimony, zinc, litharge, sulphur, bismuth, mercury, sele- 
nium, tellurium, gold (in large amount) or platinum. 

Hard buttons are caused by the presence of copper, 
iron, nickel, cobalt, platinum or a large amount of silver. 

If matte is found over the button in the crucible assay, 
place this in the scorifier and roast thoroughly first, then 
add the button, test-lead and borax glass, and scorify. 

Avoid reducing the size of a button from a rich ore to 
less than ten grams, for when the ratio of lead to silver 
becomes small the loss in scorification may exceed that of 
cupellation. 

Cupellation. — This operation differs from scorification 
in that the scorisB formed are absorbed by the cupel, leav- 
ing a pure bead of the precious metals. 

A good cupel will absorb its own weight of litharge. 
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but it is better to use a cupel one third heavier than 
the button. The operation of cupelling is conducted as 
follows : A cupel is wiped out with the fingers carefully 
and all extraneous matter blown out ; it is then placed in 
the mnflle and heated until of the same temperature as 
the latter and all moisture and organic matter have been 
expelled, then the button, which should be malleable and 
the proper size, is gently placed in the cupel with a pair 
of forceps. The muffle is then closed by a door or a piece 
of lighted charcoal, to melt the lead. This done, the muffle 
is opened and the button, which at first appears bright 
and uncovered, is soon coated with a film of oxide moving 
in luminous patches over its surfaces and being contin- 
ually thrown toward the edge, where it is absorbed by the 
cupel. The button gradually diminishes in size by oxi- 
dation and absorption and becomes more convex; the 
patches become larger and move more quickly ; the last 
of the lead is absorbed, and the residue appears to re- 
volve rapidly, becomes very briUiant, and is sufl!used with 
the tints of the rainbow and then presents the appearance 
of the precious metals. The latter part of the operation is 
called the "brightening" of the button. Should the bead 
be large and composed of silver, it must be removed 
slowly from the furnace to prevent " sprouting," by which 
portions of the metal are thrown off and lost. In case the 
bead is very large, say one hundred to three hundred mil- 
ligrams, it is well to cover it with a hot cupel. If the 
bead is not larger than the head of an ordinary pin, the 
danger of sprouting is slight, and no great precaution need 
be taken in its removal. 

Two causes have been assigned for sprouting. First, 
that molten silver absorbs oxygen from the air and gives it 
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Tip suddenly at the moment of solidilication. Second, that 
by rapid cooling a crust is formed upon the outside of the 
button, which contracts upon the liquid interior and forces 
it out. Gold diminishes the tendency of buttons to sprout. 
When the gold is 40 per cent, of the silver there is no 
danger of loss in this way. 

It is well to raise the heat of the muffle just at the time 
of brightening, or to push the cupel into the hotter part, to 
remove the traces of lead. 

Silver is sensibly volatile at a high heat, and the loss 
increases with the temperature. We must avoid the two 
extremes of high heat and quick work, and low heat 
and prolonged work. The following are indices of favor- 
able working : the muffle is reddish white, the cupel red, 
the fused metal luminous and clear, the lead fumes rise 
slowly and the litharge is completely absorbed by the 
cupel. 

The heat is too great when the cupels are whitish, when 
the fused metal is seen with difficulty and the scarcely vis- 
ible fumes rise rapidly. 

The heat is too low when the fumes are thick and fall, 
and when the unabsorbed litharge forms lumps and scales 
about the button. 

The degree of heat may be greater according as the lead 
is poorer in silver. By bearing this in mind the assayer 
can often hasten the operation without detriment. 

Too strong a current of air cools the cupel and oxidizes 
the lead faster than it can be absorbed. Too slow a cur- 
rent prolongs the operation and increases the loss by vola- 
tilization. 

Sometimes the material in a cupel becomes solidified in 
the midst of an operation, stopping further action. This 
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is called " freezing," and is occasioned by the production of 
litharge more rapidly than it can be absorbed by the cupel, 
infusible scoriae due to a cold furnace or an excess of for- 
eign oxides. It can sometimes be remedied by raising the 
heat of the muffle ; or if the accident be due to foreign 
oxides, an addition of pure lead may be made to the assay. 
In either case the results are unreliable. 

An assay that has passed well furnishes a bead well 
jounded, crystalline below and readily detached from the 
cupel. If the bead contains lead, it is brilliant below and 
does not adhere at all to the cupel. If it exhibits rootlets, 
the results are inaccurate and must be rejected. 

Crystals of litharge — "feathers" — just inside the outer 
edge of the cupel indicate that the heat has been right. 

The following table shows the difficulties which may 
arise in cupellation and how to guard against them : 



Button may 


Cause. 


Preyention. 
Hot cupel, malleable 


Remedy. 


Spit. 


Volatile constituents, 


Heat very slowly. 




S, As, Sb. Bi, Hg, 
C. 
Infusible substances. 


button. 




Freeze. 


Good heat . malleable 


Add Pb and raise 




Fe, Ni, Co. Cu, 


button, excess of 


temperature. 




Pt, Sn. 


lead. 




Sprout. 


Oxygen and contrac- 


Careful removal and 


Add Pb and re- 




tion. 


slow cooling. 


cupel. 


Form root- 


Imperfect cupel. 


Good cupel. 


Dig out roots, wrap 


lets. 






in lead and cupel 
again. 


Scorify. 


Hard cupel and too 


Good cupel. 


Raise temperature 




rapid cupellation. 




and make atmo- 
sphere reducing. 


Sink. 


Cracked cupel. 


Stop cupellation. 


Remove and use fresh 


Become eu- 


Rapid oxidation. 


Slow work or scorify 


cupel. 
Add Pb and regulate 


crusted. 




button. 


temperature. 



Weighing the Oold and Silver Bead. — ^The bead of 
gold and silver is detached from the cupel with pincers, 
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thoroughly cleansed with a small stiflf brush, and weighed 
on the bullion-balance. 

Inquartation and Parting. — The separation of gold 
from silver is termed parting. It is effected by means of 
nitric acid, which dissolves the silver and leaves the gold. 
It is essential that a certain relation should exist between 
the amount of gold and silver in the aUoy. If there be 
too little silver, it will not dissolve completely, but will 
be so enveloped in the gold as to escape the action of the 
acid. If too much silver be present, the gold obtained 
wiU be so fine and light as to occasion loss in washing. 

The amount of silver present should be from two to 
three times the weight of the gold. The assayer must 
judge by the color of the bead as to the proportion of 
silver contained, and if it be too small he must supply 
the deficiency with pure silver, which is kept on hand 
in thin foil. The bead and silver are well fused together 
to effect complete distribution of the silver. The fusion 
may be made on charcoal by the blowpipe or by wrap- 
ping the bead and silver in a comet of lead-foil and cupel- 
ling. 

The bead is then flattened on an anvil, and treated in a 
porcelain capsule (Fig. 36) with nitric acid, C,P. 1.16 
sp. gr. (21** Baume). Enough acid is added to 
cover the bead and heated gently. The acid must 
be free from chlorine, which would precipitate the ^o- W. 
silver. When all action of the first acid has ceased, de- 
cant and carefully add some fresh acid of 1.26 sp. gr. 
(32° Baume). Heat for several minutes, pour oflf the 
acid, wash thoroughly with distilled water and dry the 
residue of gold. It is well to apply a high heat before at- 
tempting to remove the gold, to render it adherent. The 
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gold residue is detached with a knife, transferred to a 
cornet of lead, cupelled and weighed ; or if perfectly 
clean and yellow, weighed without cupellation. 

In parting neither allow the acid to act for a long time 
in the cold, nor boil violently, as the gold will be sepa- 
rated in a finely divided state, which is more difficult to 
wash without loss. 

When drying the gold, before annealing, turn the cap- 
sule so that the last drop of water is on the opposite side 
from the gold and thus avoid spattering and consequent 
loss. 

Weighing the Oold. — The gold obtained is weighed as 
described and the assay is completed. 

Calculation of Results and Reporting, — The milli- 
grams of precious metals obtained per assay ton of ore, 
after deducting the silver contained in the test-lead or 
litharge, correspond to the Troy ounces in a ton of two 
thousand pounds, avoirdupois. There is therefore no 
trouble save in the case of an ore which contains metallic 
scales and the method to be employed when such is the 
case can be shown by an example. 

The sample presented for assay weighed 485 gms. 
Pulverized in a mortar to flatten the scales and sifted in a 
box sieve (Fig. 26), it gave : 

{a) Sifted ore 476 gms. 

(&) Metallic scales 5 " 

In calculating the results of the assay the weight of 
the sample minus the scales is considered siftings, as no 
scales should be lost in pounding or sifting. 

{a) Sifted Ore. — Ten grams gave by crucible assay : 

Gold 4.0mgs. 

Silver, after deduction of the silver in the litharge. 14. 3 ' * 
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Hence the total precious metals in the siftings is : 

4 00 
Gold ~ X480 = 192.0 

Silver ^^X 480 = 686.4 

(b) Metallic Scales. — These melted with lead gave a 
button of 60 grams, which was rolled out and 10 grams 
taken for cupellation. This yielded : 

Gold 2.6 mgs. 

Silver 600. " 

Hence the total precious metals in the scales must be? 

2 6 
Gold -~- X60= 15.60mgs 

SUver ^^X60 = 3000.00 " 

Total: 

Gold in siftings 192.00 mgs. 

" "scales 16.60 '' 



" " ore taken 207.60 



(( 



„ 207.60 

Hence -Tgg- X 29.166 (value of an assay ton) = gold 

per assay ton of original ore. 

Silver in total siftings 686.40 mgs. 

*' '' scales 3000.00 '' 

" "oretaken 3686.40 " 

„ 3686.40 

Hence "~7o>:~ X 29.166 (value of an assay ton) = silver 

per assay ton of original ore. 



106 GOLD AND SILVER. 



CHARGES FOR SPECIAL ORES 



Pure Ore^ Quartz Oangu€.—{l) Rich: (a) Crucible 
assay. Ore, 1. A.T.; PbO, 2 A.T.; soda, 1 A.T.; argol, 1* 
grams ; borax glass, 10 grams ; salt cover. 

(&) Scoriflcation assay. Ore, | A,T.; test-lead, 40 
grams ; borax glass, i gram. 

(2) Low grade : Ore, 2 A,T.; PbO, 2 A.T.; soda, 2 A.T.; 
argol. If grams ; borax glass, 10 grams ; salt cover. 

(3) Tailings: Ore, 4 A.T.; PbO, 2 A.T.; soda, 4 A.T.; 
argol, 2 grams ; borax glass, 10 grams ; salt cover. 

Pure Ore^ Basic Oangue. — Same charges, with the 
addition of from 1 to 3 A.T. of SiOa. If the gangue is 
magnesite or barite, increase both the soda and silica. 

Galena, (a) Scoriflcation assay : Ore, f A.T.; test-lead, 
40 grams ; borax glass, i gram. 

(b) Crucible assay: Ore, 1 A.T.; PbO, 1 A.T.; soda, 1 
A.T. ; nitre, 20 grams ; borax glass, 10 grams ; salt cover. 

Zinc Blende or Sphalerite.— {a) 10 to 25 per cent, zinc : 
Ore, \ A.T.; test-lead, 60 grams ; bomx glass, 1 gram. 

(6) 25 to 50 per cent, zinc, 2 portions each : Ore, ^ A.T.; 
test-lead, 60 grams ; borax glass, 1 gram. Combine the 
buttons and rescorify. A low heat must be used in the 
scoriflcation of this ore. 

Arsenopyrile, MispicJceL — {a) Crucible assay : Roast 
2 A.T. of ore ; then add PbO, 3 A.T.; soda, li A.T.; silica, 
2 A.T.; borax glass, 10 grams; argol, 2J grams ; salt cover. 

(&) Scoriflcation assay: Run 3 portions. Ore, | A.T.; 
test-lead, 60 grams ; borax glass, 2 grams. Combine the 
buttons and rescorify. 

Stibnite,— For gold, crucible assay : Mix 1 A.T. ore with 
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1 A.T. clean sand and roast ; then add a large spoonful of 
ground charcoal and heat until no more sparks are seen ; 
mix with PbO, 2 A.T.; soda, 1 A.T.; argol, 2 grams; borax 
ghiss, 10 grams ; salt cover. 

For silver, scorification assay: Ore, i A.T.; test-lead, 
70 to 80 grams ; borax glass, 1 gram. Scorify at a low heat; 
add charcoal if needed. 

Oray Copper, Tetrahedrite, Fahlerz. — Scorification 
assay: Ore, \ A.T.; test-lead, 80 grams; borax glass, 
\ gram. 

Crucible assay as given for arsenopyrite. In either case 
the buttons may need rescorifying to remove impurities 
before cupellation. 

Pyrite, Iron Pyrites,— CvmAhle assay: (1) Roast 2 
A.T. ; then add PbO, 3 A.T.; soda, 2 A.T.; silica, 2 A.T.; 
argol: 3^ grams ; borax glass, 10 gram ; salt cover. 

(2) Ore, 1 A.T.; litharge, 2 A.T.; soda, 2 A.T.; silica, li 
A.T.; nitre, 50 grams ; salt cover. 

(3) Ore, 1 A.T.; PbO, 1 A.T.; potassium cyanide, 2i A.T.; 
salt cover. Moderate fire. (Not recommended for silver.) 

For ores containing but little pyrites use one of the 
charges given for a pure ore, with the addition of a few 
nails or wires. This method of desulphurizing is not 
recommended for ores containing much sulphur or con- 
centrates. 

Chalcopyrite, Copper Pyriles.—B.oBst with addition 
of ammonium carbonate and use charges given for iron 
pyrites. The buttons may require scorifying to remove 
copper. 

Oxide of Iron, Sematitey etc, — Use charge (1) under 
Pyrite, without roasting. 
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Tellurides. — Crucible Assay : 

High grade: Ore, i A.T.; PbO, 4 A.T.; soda, 1 A.T.; 
silica, 1 A.T.; argol, li grams ; borax glass, 10 grams; salt 
cover. 

Low grade: Ore, 2 A.T.; PbO, 4 A.T.; soda, 2 A.T.; 
silica, li A.T.; argol, 2 grams; borax glass, 10 grams; 
salt cover. 

Scorify the buttons if brittle. Cupel at a low heat 
near the end, as the button has a tendency to separate 
into small particles. 

The preceding charges have worked satisfactorily in 
the assay laboratory of Columbia University, but it is 
not to be inferred that other charges will not give equally 
good results. 

Remarks.— The assayer must always modify the 
charge to suit the particular ore he is testing. An 
examination of the slag and button will often suggest 
what change to make. 

Too small a button, less than 10 grams, will not ensure 
the collection of all the gold and silver ; hence the reducing 
agent must be increased. 

A brittle button shows the necessity of more desul- 
phurizing by roasting, nitre, etc. 

An earthy slag shows an insuJB5cient quantity of 
silica. 

No attempt has been made to give charges for ores 
containing mixtures of different minerals, as these could 
not possibly be made so as to cover every case. The 
assayer must, by a combination of the nearest charge^ 
intelligence, and experiment deduce the proper propor^ 
tions of ore, fluxes, reducing agents, etc. 
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ACCURACY OF GOLD AND SILVER ASSAYS. 

The fire assay for gold and silver is the most accurate 
and satisfactory method for their determination in most 
cases ; there are, however, small losses of the precious 
metals in each operation. 

The inaccuracies, aside from sampling, are as follows : 

1st. Loss in the slag, crucible or scorification. 

2d. Loss by absorption in the cupel. 

3d. Loss by volatilization. 

4th. Excess in weight of bead due to imperfect removal 
of base metal in cupellation. 

5th. Excess in weight of the residue due to imperfect 
solution of the silver by nitric acid, some silver being 
retained by the gold, and consequently after annealing 
being weighed as gold. 

The 4th and 5th inaccuracies can be avoided by careful 
work, as already descnbed. The loss by .volatilization 
cannot be eliminated entirely, but should be reduced to a 
minimum by cupelling at a low heat (with feathers), and 
by roasting all ores containing zinc before making a cru- 
cible fusion. 

The 1st and 2d losses can be almost entirely recovered 
by making a corrected assay — that is, by grinding and 
reassaying the slag and cupel, and adding the gold and 
silver recovered to that obtained in the regular assay. 

The correction may be carried further by making a 
second correction on the cupel and slag from the first, but 
the amount recovered will not appreciably affect the re- 
sult. 

The loss by volatilization during cupellation has been 
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worked out carefully for silver bullion (see page 121), but 
it is preferable to determine this correction for each 
particular case, by running a charge containing a known 
amount of silver under the same conditions as the assay to 
be corrected, and then .adding the loss in the test assay. 

This plan must be used with rich ores where a varying 
amount of impurity in the lead button causes a consider- 
able difference in the loss by volatilization. 

The losses in assaying ores, as determined, are as fol- 
lows: 

Gold.— The loss of gold in the assay of any ore except 
when extremely rich is too small to require correction. 

In a rich argentite containing 241 ounces of gold this 
loss was as follows : * 

Recovered from crucible slag 0.0515^ 

*' cupel 0.0725'^ 

Correction for crucible assay 0.1240 '' 

'' " scorification assay 0.3100" 

Purman f gives the average loss of gold in the crucible 
assay, determined by difference on the pure metal, as 0.3j<. 

Silver.— The loss of silver is much greater than of 
gold. The absolute loss increases with the richness of the 
ore, but the percentage of loss diminishes. 

The following results were obtained from a cerussite 
carrying 2260 ounces of silver : 

Recovered Recovered 1st 2d 

Method. from Slag, from Cupel. Correction. Correction. Total. 

Scorification .... 2.804^ 1.398^ 4.202^ 0.540^ 4.742^ 

Crucible 0.927 " 1.109 '' 2.036 '' 0.252 " 2.288 " 

♦ Miller and Fnlton, 8. of M. Quarterly, Vol. XVIL, p. 169. 
t Trans. A. I. M. E., Vol. XXIV., p. 735. 
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F. P. Dewey* gives the following table showing the 
inaccuracy in assaying different material : 

Range of Average 
Value. Inaccuracy. Inaccuracy. 

Tailings 1 to 20 oz. 18 to 8.6 ^ 13.7^ 

Washed ore 16'' 35 " 13 " 10 " 10.4'' 

Raw ore 20 " 60 " 16 " 5 " 9.7" 

Roasted ore 20 " 45 " 12 " 6 " 9.1" 

Lead carbonate 50 " 100 " 5.1 " 2.6 " 3.8 " 

Comparison of scorification and crucible assays for silver 
in lead ores containing zinc : f 

Commercial Corrected Ore 

Method. Assay. Assay. Contained. 

Scorification 13.80 13.80 ( 18.6^ Pb 



{: 



Crucible 12.20 13.98 ( 28.8" Zn 

Scorification 29.40 29.97 C 46.3" Pb 

Crucible 28.92 30.46 1 15.3" Zn 

Scorification 13.00 13.50 1 14.6" Pb 

Crucible 12.80 13.60 \ 34.7" Zn 

The fact that scorification gives the highest uncorrected 
assay agrees with our own experiments. Uncorrected 
scorification assays are higher than uncorrected crucible 
assays of impure materials (sulphides, etc.) carrying silver.^ 
The corrected crucible assay is usually slightly higher 
than the corrected scorification assay, because of the loss 
of silver in scorification by volatilization. 

Charges for Corrected Assays.— Cupels give a very 



• J. Am. Chera. Soc, Vol. XVL, p. 513. 

t 0. A. Stetefeldt, Trans. A. I. M. E., Vol. XXIV., p. 530. 

X a. of M. Quarterly, Vol. XVII., p. 169. 



112 GOLD AND SILVER IN COPPER MATl^ES. 

pasty fusion on account of the phosphates present. The 
following charge has been used with success. For one 
cupel (crucible assay) PbO, 2 A.T.; soda, 1 A.T.; borax 
glass, 1 A.T.; argol, 2 grains. 

Crucible Slags.— AMPbO, 1 A.T.; argol, 2 grams; and 
remelt. 

Scorification Slags need only some borax glass and 
argol. 

In making a corrected assay it is not often necessary 
to determine the amount recovered from the cupel and 
slag separately. They are ground together and melted in 
a crucible with a cliarge containing borax glass, like the 
following : PbO, 2 A.T.; soda, 2 A.T.; borax glass, 1.5 A.T.; 
argol, 2.5 grams. 

GOLD AND SILVER IN COPPER MATTES. 

A copper matte is an artificial sulphide of copper and 
iron usually containing gold and silver, and often lead, 
antimony, zinc, bismuth, etc. 

The determination of gold and silver is of special im- 
portance, as great quantities of matte are sold on the results 
of assays. Corrected assays are often made; and in the 
absence of an agreement between the buyer and seller as to 
the method of assay, the assayer should state the method 
used, and whether "regular " or "corrected." 

Dry Methods.— (1) Weigh out four portions of ^A.H. 
each on an accurate balance, mix each with 40 grams of 
test-lead, transfer to scorifiers, cover with 40 grams more 
test-lead, and place half a gram of borax glass on top. 
Scorify at a very low heat near the mouth of the muffle 
until covered over, then raise heat, and pour as usual into 
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moulds. Hammer the buttons. Combine two buttons and 
scorify with the addition of a little borax glass. The re- 
sulting lead button should be malleable and weigh about 
12 grams. If it shows the presence of copper, it must be re- 
scorified with test-lead until malleable. Cupel with feath- 
ers, weigh, part, using first some dilute nitric acid sp. gr. 
about 1.14, then 1.26 sp. gr. Weigh the gold. Test the ni- 
tric acid solution of silver for copper, which must be de- 
ducted if found to be present. This method gives duplicate 
results on | A.T., and is accurate for the gold, but low for 
silver. To correct, combine the cupels, grind, and make a 
crucible assay as usual for silver. 

(2)* Weigh out ten portions of ^ A.T. each, scorify in 
a 2i-inch scorifier, mixing with 30 grams test-lead and i 
gram borax glass, and covering with 30 grams of lead and 
1 gram borax glass. Start with a bright red heat; continue 
at a little lower heat until the end, then raise to a bright 
red heat and pour. Clean off slag, transfer to new scorifiers 
and rescorify. Cupel each lead button separately, and 
weigh the ten resulting silver-gold beads together. Grind 
up and fuse cupels in five lots of two each, and cupel the 
buttons, adding the five resulting beads to the ten silver- 
gold beads. Charge for fusing two cupels by crucible assay: 
soda, i-A.T.; PbO, 2^ A.T.; borax glass, 1 A.T.; argol, 2.5 
grams. Mix thoroughly with ground cupels, and add 
either salt or borax glass as a cover. Part the buttons 
with nitric acid 1.14 followed by 1.42 sp. gr. Boil until 
the acid becomes colorless, wash, and weigh as usual. 

This is a slight modification of the method used at the 
Omaha & Grant Smelter. 

•Tians. A. L M. E., 1895: Assays of Copper and Copper Mattes. 
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Combination Method.*— One A.T. of copper matte is 
placed in a No. 5 beaker or a large casserole and treated 
with 100 c.c. of water and 50 c.c. of nitric acid 1.42 sp. gr. 
and covered; when the first action has ceased, 60 c,c. more 
acid is added, and the solution heated until the decom- 
position is complete. Most of the free acid is boiled out; 
then 400 c.c. water, 3 c.c. sulphuric acid, and 10 c.c. of a 
saturated solution of lead acetate are added. The dense 
white sulphate of lead carries down with it the finely di- 
vided gold. Allow the precipitate to settle, filter, and 
wash once with water, dry, transfer to a scorifier, and 
burn up the paper and any unoxidized sulphur, in the 
front of the muffle, then add 40 grams of test-lead and 
scorify as usual. (If there is much gold in the matte, 
before filtering add 1 c.c. normal salt solution (equals 10 
mgs. Ag) to precipitate enough silver to avoid inquarta- 
tion.) Cupel as usual. 

To the filtrate add more acetate of lead, sulphuric acid, 
and a slight excess of salt solution, filter, dry, ignite, add 
lead, scorify, and cupel as usual. Weigh the buttons sep- 
arately, part the first and add the silver obtained to the 
weight of the second. All the gold will be in the first 
button. 

Remarks.— The advantages of the treatment with nitric 
acid are the removal of copper, zinc, etc., which give 
trouble in scorification and cupellation, the diminished loss 
of silver by absorption in the cupel, and also the use of a 
larger portion of the matte. 



•TraDS. A. I. M. E.. Vol. XXIV., page 576. 
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The loss of silver in the slag and by volatilization is not 
usually determined. 

For a more complete discussion of the assay of copper 
mattes see Trans. American Institute of Mining Engineers 
for 1894 and 1895. 

The combination and dry methods agree well for silver, 
if correction for loss in the cupel is made ; the gold is 
usually lower by the combination method, as is shown by 
the following results :* 

ASSAYS OF COPPER MATTE. 

Scorification method : Ounces per Ton. Ounces per Ton. 

Average of results by 14 assayers. 128.86 2.286 

Combination method : 

Average of results by 10 assayers. 127.25 2.212 

Van liew f has shown that this loss of gold is due to 
nitrous acid, and that it can be avoided by dissolving 
without the aid of heat. 



ASSAY OP PIG COPPER FOR GOLD AND 
SILVER.^ 

Gold. — The gold is most accurately determined by 
scorifying 6 to 10 portions of ^ A.T. each with 50 grams 
of test-lead and combining the silver-gold buttons after 
cupellation. The following method, or some modification 



* Trans. A. I. M. E., March, 1895. 

f Engineering and Mining Journal, April 21 and 28, 1900. 

t Method D, Trans. A. I. M. £., March, 1895. 
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of it, is usually employed : Weigh out two portions of 1 
A.T. each, into large beakers, add. 100 c.c. distilled water, 
then 50 c.c nitric acid, sp. gr. 1.42, to each and cover. After 
the violent action is over add 80 c.c. more acid and warm 
till nothing more dissolves. Boil out part of the nitric 
acid, dilute each to 500 c.c. with distilled water, add 3 c.c. 
concentrated sulphuric acid and 10 c.c. of a strong solution 
of lead acetate. Stir vigorously and allow to settle for 
several hours, warm, filter, wash out the beakers with hot 
water and then wipe with filter-paper; add this to the 
paper containing the precipitate. Dry the filters and 
wrap them in about 8 grams of lead-foil, place in scoritiers 
and add to each 40 grams of test-lead and i gram of 
borax glass ; start the scorification at a low heat, then 
scorify and cupel as usual. The beads will probably con- 
tain sufficient silver to part ; if this is not the case, a small 
I)iece of pure silver should be placed in each cupel before 
the cupellation is begun. Part and weigh the gold as 
usual. 

Silver. — Treat in large beakers three portions of i 
A.T. each with half the quantity of water and nitric acid 
used in the gold assay. Proceed as already described, 
but before adding the lead acetate add just enough salt 
solution to precipitate the silver, avoiding very carefully 
a large excess. Cupel at as low a temperature as possible 
with "feathers." Assay the cupels and scorification slags 
as already described if a *^ corrected" assay is desired. 

Remarks. — The following figures show results by dif- 
ferent methods on a sample of copper borings : 
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SCORIFICATION AbSAT. 



SlLVBR AKD QOLD. 



First 
Obtained. 



156.90 
164.00 
156.80 
150 70 
156.90 
154.80 
155.60 
150.80 
157.80 
151.90 



Cupels and 

8la«^ 
Absorbetl. 


ToUL 


7.50 


167.951 


10.80 


164.55 


8.90 


164.75 . 


9.30 ' 


162.50 


8.90 


168 75^ 



Gold. 



0.85 



Combination Assay. 



SlLYXR AND GtoLD. 



First 
Obtained. 



156.20 
156.20 
165.72 



Cupels and 
Slasn 
Aied. 



Absorl 



4.98 



Total 



161.02 



Gold. 



0.24 
0.24 



Average silver and gold. . . . 164. 70 

Less gold 0.85 

Silver 164.85 

Less copper 8.80 



Silverandgold 161.02 

Lessgold 0.24 

Silver 160.78 

No copper in silver beads. 



Silver, corrected 160.55 



ASSAY OP SILVER SULPHIDES. 

The precipitated sulphides obtained by the Russell 
process frequently contain from 12,000 to 16,000 oz. of silver 
per ton, so that extraordinary care is required in assaying 
them. 

(a) The Combination Method as given under copper 
matte may be used, with the following modifications : * 
Take two portions of ^V ^^ tV ^-T. each, instead of 1 A.T., 
and before scorifying mix with PbO 8 grams and test-lead 
20 grams, instead of using all test-lead. 



* Furman, Traus. A I. M. E.. 1895: Assay of Silver Sulphides. 
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(b) Dry Method.— Run ten scorification assays at a 
low heat, using the following charge : sulphides, ^ A.T. 
(weighed most accurately) ; test-lead, 40 grams ; borax 
glass, i gram. Assay the cupels and slags in sets of two, 
add the weight of silver recovered to the combined weight 
of the ten buttons, and multiply by two. 

Great care must be taken to prevent the large silver 
buttons from sprouting. 

The average correction for silver in precipitated sul- 
phides, 2000 to 16,000 ounces, is given by Dewey as 1.7 f. 

Remarks. — The following average results were obtained 
in the assay laboratory of Columbia University on a sample 
of argentite : 

Scorification assay : 

Corrected value, silver 17,363.9 oz. 

Recovered from cupel, silver 0.679 % 

" " slag " 0.754" 

" second correction, silver 0.222 " 

Total correction, silver 1.655 '' 

Crucible assay: 

Corrected value, silver 17,268.4 oz. 

Recovered from cupel, silver 0.730 ^ 

" '* slag '' 0.179'' 

" second correction, silver 0.082 " 

Total correction, silver 0.991 '' 

The above methods of assay of rich sulphides also 
apply to the assay of '' slimes" containing gold and silver, 
separated in the electrolytic refining of copper. 
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ASSAY OF SWEEPS. 

Sweeps are metallic clippings, tilings, etc., mixed with 
dust and dirt, obtained by sweeping up the floors of work- 
shops where the precious metal and their alloys are used. 
Besides organic matter they may contain gold, silver, 
platinum, brass, copper, lead, tin, iron, etc. 

The principal difficulty in assaying sweeps, aside from 
the interference of platinum, is in securing an average 
sample. 

Assay. — Weigh the entire sample, dry at about 120° C, 
and determine the loss. Take 2 to 6 A.T. and burn off 
the carbonaceous material in the muffle, in a roasting-dish 
or scoritier, avoiding a strong draft. When cold, transfer 
to an iron mortar and pound to flatten out the scales. Sieve 
through a 100-mesh sieve. If a large quantity of scales 
is left on the sieve, melt them in a scoritier with 60 to 100 
grams of test-lead, and pour. Weigh this button and take 
weighed portions for assay, (see Lead Bullion). If but few 
scales are obtained, they may all be scorified with test-lead 
and cupelled. 

The sif tings are best run like an ore by crucible assay, in 
duplicate, using 15 to 25 grams of sif tings, 2 A.T. litharge, 
1 A.T. soda, 1 A.T. horax, and 2 grams of argol. Cupel 
the buttons as usual, and calculate the precious metals as 
given under Scale Ore. 

For the interference of platinum see chapter on the 
Assay of Platinum. 

Remarks. — A sample of sweeps assayed as described 
gave : 

Gold 11.94 oz. and 11.83 oz. 

Silver 67.35 oz. and 67.30 oz. 
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For sweeps rich in silver a correction should be made 
for loss in slags and cupels. 



LEAD BULLION. 

Lead or "base" bullion often contains, besides gold 
and silver, considerable quantities of copper, antimony, 
zinc, etc. The amount of these impurities determines the 
method of assay. 

(a) Pure Bullion.— Weigh out two portions of J 
A.T. each, hammer into a cube, so that it will fit the cupel, 
and cupel direct at a low heat (with feathers); weigh, part 
with the two strengths of nitric acid, 1.16 and 1.26 sp. gr., 
anneal, and weigh the gold as usual. The duplicates 
should agree very closely, within 0.06 oz. for gold and 0.6 
oz. for silver. 

{b) Impure Bullion.— Scorify i to 1 A.T. with from 
20 to 60 grams of test-lead and i to 1 gram of borax glass, 
depending on the amount of Cu,Sb,Zn, etc., present. With 
a rich buUion do not scorify the button down to less than 
10 grams. If the button is hard, rescorif y with more test- 
lead. Cupel, part, etc., as with pure bullion. 

The loss in assaying base bullion varies from 1.5 to 5^ 
under the most favorable conditions, and when cupelled at 
a high temperature or without previous scoritication, if 
impure, may reach 8 to 12^. 

Part of this loss can be recovered as usual. 

SILVER BULLION. 

There are two methods in use for the determination of 
silver in coins and bullion: 1st. Cupellation method, used 
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largely in the West; preferable for very impure bullions, 
especially those containing mercury. 2d. Gay-Lussac or 
volumetric method, used by the mints and United States 
assay offices, and in some works. This method is the most 
accurate, and is fully described in Part 111. 

CuPELLATiON METHOD, (a) Preliminary Assay. — The 
object is to determine the approximate iineness, so as to 
know how to make up a check assay having as nearly as 
possible the exact composition of the bullion. This check 
is cupelled under the same conditions as the regular assay, 
and from its loss of silver the correction for loss by volatil- 
ization and by absorption is obtained. 

Weigh out 400 to 500 milligrams of the bullion, wrap it 
up in 5 to 10 grams of lead-foil, and cupel with the usual 
precautions, so as to give feathers of litharge on the edge 
of the cupel. Before removing from the muffle cover with 
a hot cupel, and then allow to cool gradually, as there is 
great danger of sprouting. If the button sprouts, the assay 
must be repeated. The button is cleaned, weighed, and 
parted for gold as usual. 

Suppose 600 milligrams of the alloy gave a button of 
silver weighing 434.75 mgs., then 500 : 1000 :: 434.75 : x = 
869.5, approximate fineness. Corrections for loss of silver 
by cupellation can then be made from the following table. 
They are given in thousandths, and must be added to the 
standard. 

Standard. Correction. Standard. Correction. Standard. Correction. 

998.97 1.03 670.27 4.73 346.73 3.27 

973.24 1.76 645.29 4.71 322.06 2.94 

947.50 2.50 620.30 4.70 297.40 2.60 

921.75 3.25 595.32 4.68 272.42 2.5a 
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Standard. Correction. Standard. Correction. Standard. Correction. 



896.00 


4.00 


670.32 


4.68 


247.44 


2.56 


870.93 


4.07 


646.32 


4.68 


222.46 


2.65 


846.85 


4.13 


520.32 


4.68 


197.47 


2.55 


820.78 


4.22 


495.32 


4.68 


173.88 


2.12 


795.70 


4.30 


470.50 


4.60 


148.30 


1.70 


770.69 


4.41 


445.69 


4.31 


123.71 


1.29 


745.38 


4.62 


420.87 


4.13 


99.12 


0.88 


720.36 


4.64 


396.06 


3.96 


74.34 


0.66 


695.26 


4.75 


371.39 


3.61 


49.56 


0.44 



Example: The number in the column of standards near- 
est to 869.5 is 870.93; the corresponding correction is 4.07; 
adding this to 869.5, we obtain 873.57 for the true approxi- 
mate fineness. 

We must also determine the base metal present: to do 
this dissolve some of the bullion in nitric acid, dilute and ' 
test for lead by sulphuric acid; then if it is present, so that 
the loss in cupellation is not due entirely to copper, de- 
termine the copper by one of the volumetric methods 
(given in Part III.) after precipitating the silver as chloride. 

When the approximate composition is known, make up 
a test or check piece of 500 milligrams from pure silver,* 
copper, etc., having this composition, and wrap in the 
amount of sheet lead required to give perfect cupellation. 
(See table, page 123.) 

(&) Regular Assay. — Two portions of 500 milligrams 
each of bullion are weighed out on a bullion-balance as 
accurately as possible, t and wrapped up in the proper 
amount of sheet lead. The lead-foil should either be free 

* For the preparation of pure silver see p. 43. 

f Be careful ^o record the exact amount of bullion taken if it is not pre- 
cisely GOO milligrams. 
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from silver or its exact contents known. Heat three cupels 
in the muffle until all carbonaceous material has been 
burned out ; then introduce the assays, the check assay 
in the centre. The three assays must be run together, so 
that the heat, draft, etc., are the same. Weigh the three 
buttons. The diflference between the weight of the button 
from the test assay and the weight of silver taken gives 
the loss of silver in cupellation. This loss is added to the 
average weight of the other two buttons ; the sum multi- 
plied by 2 equals the fineness (when exactly 600 mgs. are 
taken). 

Remabks. — The buttons from the bullion should not 
differ by more than 1 milligram. The loss in weight of 
the test assay should not be over 6 milligrams except 
with very impure bullion. 

If gold is present, the buttons must be parted and the 
gold deducted. Platinum in small quantity will not be 
noticed, but will count as silver. 



WEIGHTS OF SHEET LEAD FOR CUPELLATION. 

Fineness. Grams Lead for ^ Gram of Bullion. 

950tol000 5 

900'' 950 7 

850 " 900 8 

800" 850 10 

760 '' 800 11 

700*' 750 12 

650" 700 13 

600" 650 16 

650 " 600 16 

500 " 550 17 
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FineneBs. Grams Lead for | Gram of Bullion. 

450 to 500 18 

400 " 450 19 

300 '' 400 20 



GOLD BULLION. 

The assay of gold coin and bullion comprises two deter* 
minations : a. Base metal, b. Gold. The difference be- 
tween these two and the total weight of bullion gives the 
amount of silver. 

a. Base Metal: OupeUation.— Weigh out 500 mgs. 
and cupel with ten times its weight of pure lead rolled 
out into a sheet, the bullion being wrapped in it. If 
the bullion contain much copper, use more lead, or one 
half the amount of bullion. (See table.) 

The copper is oxidized and carried into the cupel by 
the litharge, leaving a button of gold, and silver if there 
be any present. 

A check assay is made with every set of assays. 
AUoys for check assays are made up, having a composition 
similar to that of the bullion. The U. S. mint employs a 
proof -alloy containing 850 parts of gold, 12 parts of copper, 
and the rest silver. This ought to lose by cupellation just 
12 parts of copper. It may lose more or less, and according 
to the difference one way or the other the regular assays 
which have been made under the same conditions are cor- 
rected. Suppose the check assay gave 11.8 copper instead 
of 12, the proportion of copper obtained in each of the 
regular assays must then be increased by 0.2 thousandths, 
or vice versa. 
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PROPORTIONS OF LEAD FOR OUPELLATION. 

Bullion. Parts Lead for 1 Part Bullion. 

Gold. Copper. 

950 50 6 

900 100 12 

800 200 18 

700........ 300 24 

600 400 30 

This table gives the amounts of lead necessary to remove 
all copper except a trace. If there is much copper present, 
it is preferable to remove it by several cupellations with 
moderate quantities of lead. 

b. Gold.*— The determination of gold may be divided 
into five operations : 

(1) Preparation of the assay piece. 

(2) Cupellation. 

(3) Preparation for parting. 

(4) Parting and annealing the comets. 

(5) Weighing and reporting. 

(1) The sample is flattened with a hammer or rolled to 
about ijV ^f ^^ i^ch i^ thickness ; then about i gram is 
<5ut off with shears (to within 1 milligram). Then weigh the 
sample most accurately, add IJ grams of silver-foil free 
from gold, and wrap both in 5 grams of lead-foil. 

If the gold is nearly 1000 fine, from 10 to 26 milligrams 
of copper are added. The amount of lead-foil to be added 
increases with the copper present ; the usual limits are 
4 to 10 grams. This statement does not contradict the 
preceding table, as the object here is not so much to com- 
pletely remove the copper as it is to ensure a good cupel- 
lation. 

* Rose, Metallurgy of Gold, p. 402. 
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(2) The cupels are placed in the muflle, beginning at the 
back, and heated as usual. The packets containing the 
gold and silver are introduced by tongs and cupelled. 
The temperature of the muffle should be 1060** to 1100^ C. 
(bright orange-red). The cupels are left in for 15 to 20 
minutes after the buttons have become dull to get rid of 
all the lead, then removed from the furnace, and when 
cold the beads are cleaned with a stiff brush, 

(3) Buttons are flattened by striking with a hammer, 
first in the centre, then a blow on either side to elongate. 
They are then annealed in the muffle by heating to red- 
ness in an iron tray or clay annealing-cup. When cold, 
they are passed through rolls so adjusted that one passage 
reduces them to a ribbon the thickness of a visiting-card 
(called a fillet). They are annealed again, and rolled into 
cornets between the thumb and finger or around a rod so 
that the bottom (which may contain traces of bone-ash or 
litharge) shall be on the outside. 

The edges of the fillets should be smooth. 

(4) Parting is done in a conical glass flask (see Fig, 33) 
or a platinum boiler (see Fig. 37). This consists of a 
number of small platinum cups arranged in a tray of the 
same metal which can be set inside of the platinum 
vessel (a). This is covered and connected with an arrange- 
ment for condensing the acid fumes. Nitric acid 1.2 sp. 
gr. is used flrst and the treatment kept up for 15 minutes 
at a boiling heat ; this is followed by 1.3 sp. gr. nitric 
acid for the same time. The cornets are then washed and 
annealed at a high temperature, just below their melting- 
point. 

The use of platinum boilers saves both time and acid 
when the operation is done on a large scale. 
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(5) The comets are weighed on a most accurate balance. 
The check assays are weighed first and their mean excess 
or deficiency in weight applied to all the assays run with 
them. This correction is called '^ surcharge." 

Eemarks. — The check assays are made up from pure 
gold and run with the regular assays. The pure gold is 
prepared as follows : * Gold comets are dissolved in aqua 
regia, the excess of acid is expelled, and alcohol and 
potassium chloride added to precipitate any traces of 
platinum. The chloride of gold is then dissolved in dis- 
tilled water in the proportion of i oz. of metal to the 
gallon, and the solution set aside for several days to 
allow the silver chloride to separate. The clear liquid is 
then removed by a siphon, crystals of oxalic acid are 
added to it, and the liquid warmed gently until it becomes 
colorless ; this requires 3 to 4 days for 10 gallons. The 
spongy gold so obtained is washed repeatedly with hydro- 
chloric acid, distilled water, ammonia, and distilled water, 
in the order given, then melted in a clay crucible with pot- 
assium bisulphate and borax, and finally poured into a 
stone mould. The United States Mint uses for check assay 
of gold coins an alloy of gold 900, copper 75, and silver 25 
parts. In the New York Assay Office the ratio of gold to 
silver used is 1 to 2. Nitric acid 32° B. = 1.26 sp. gr. is 
used for both boilings. 

Surcharge. — The gold cornet does not contain all of the 
gold present in the original alloy and nothing else. Gold 
is lost by volatilization, by absorption in the cupel, and by 
solution in the acid. On the other hand, the gold always 
contains some silver and occluded gases. The algebraic 
sum of these losses and gains is called the surcharge. 

* Rose, Metallurgy, p. 10. 
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The losses of gold are found to be 0.4 to 0.8 of a part 
in 1000, of which 82j^ is absorbed by the cupel, 8^ dissolved 
by the acid, and the rest (lOj^) volatilized.* The gain due 
to silver and occluded gases is 0.8 to 0.9 of a part in 1000. 
By using a balance sensitive to jjrs of a milligram, taking 
every precaution, and the average of three concordant 
results, the fineness of gold bullion can be determined to 
within ± 0.02 parts in 1000. 

Dore bullion is an alloy of gold and silver. (For the 
determination of silver see Silver Bullion.) 

Impure alloys of gold with arsenic, antimony, iron, 
nickel, zinc, etc., require scorification. 

Aluminum alloys must be treated by wet methods. 

For platinum-gold alloys see Platinum (page 130). 

Special Alloys of Gold. 

1. Auriferous Tin,— Oxidize in muffle. Scorify with 
lead, 16 pts., borax glass, 2 J to 3 pts., and cupel button. 
A mixture of sodium carbonate and nitrate is sometimes 
added in scorifying to form sodium stannate. 

2. Auriferous Mercury. — Distill if possible, and then 
scorify the residue at a low heat with about 10 pts. of 
pure lead. It is best to place the scorifier with charge in 
the muffle when the latter is cold, and let it heat up with 
the furnace. 

3. Palladium-gold.— Alloy with 4 times its weight of 
silver, and part with nitric acid. The palladium dissolves 
with the silver. 

4. Rhodium-gold.- Alloj with 4 parts of silver ; part 
with nitric acid, and fuse residue with bisulphate of pot- 
ash; treat with distilled water, and dry and weigh the 

» Rose, Metallurgy of Gold, pp. 417-420. 
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gold residue from the fusion. If tMs is not pure, the 
fusion should be repeated. 

5. Iridium-gold. — Heat with very dilute aqua regia 
(1 : 6) until the gold has dissolved ; wash and weigh the 
iridium, which remains as a black powder. See first 
method under Platinum. 

Touchstone Assay. 

Alloys of gold can be examined for their approximate 
fineness by means of the touchstone and nitric acid. The 
touchstone is a piece of black smooth stone (basalt or 
slate), on which the alloy to be tested can be rubbed- 
The streak left is then tested with nitric acid in compari- 
son with the streak left by an alloy of known fineness. 
Test-acid is sometimes employed instead of nitric acid; 
this is a mixture of nitric acid (sp. gr. 1.34) 98 pts., mu- 
riatic acid (sp. gr. 1.17) 2 pts., and distilled water 25 pts. 

The standard alloys are called touch-needles^ and con- 
sist of pure gold, alloyed in various proportions with 
copper, silver, or both metals. They are much employed 
by jewelers, and can be purchased ready for use. 

Where the amount of gold is small, the touchstone 
method is less accurate ; but for rich alloys and prelimi- 
nary work it may prove useful. A sharp eye and prac- 
tice are, however, required to arrive at anything like good 
results. 

PLATINUM. Syrnbol^Ft 

SouBOBS. — Native platinum, either alloyed or associated 
with iridium, palladium, osmium, rhodium, ruthenium, 
iridosmium, gold, silver, copper, or iron. Platiniferous 
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sand. Sperrylite, (PtAs,) (56,5^ platinum). Placer gold, 
some old jewelry, and other alloys often contain plati- 
num. 

Assay. — ^The following methods are given as the short- 
est accurate methods for the determination of platinum 
without the use of an oxyhydrogen blowpipe. When 
carefully conducted, they compare favorably with the long 
and tedious wet methods. 

The material to be assayed may be conveniently di- 
vided as follows : 

1st. Low-grade platinum ores, often containing con- 
siderable quantities of iridosmium. 

2d. Russian ores, about 80)< platinum. These ores are 
treated with mercury before they are sold. 

3d. Platinum alloys, containing silver, gold, etc. 

4th. Platinum-foil, crucibles, etc., often containing 
iridium, etc. 

In the first case the ore must receive a preliminary 
treatment to concentrate the platinum ; this can be done 
by panning down, where the platinum is in grains, or by 
fusion of 2 or 4 assay tons with litharge, etc., as in the 
crucible assay of a low-grade gold ore, which collects the 
platinum in a lead button. 

The chief difficulty in the assay of Bussian ores is to 
secure an accurate sample. To obtain this melt a large 
. quantity of the ore, 20 to 50 grams, with six times its weight 
of test-lead until the platinum has alloyed with the lead, — 
this may be done in a scorifier, — ^then pour, detach the slag 
carefully, as the resulting button is brittle, and weigh the 
lead-platinum alloy. Pulverize in a mortar and weigh out 
portions for assay. When the assay is finished, the plati- 
num in the lead must be recovered. 
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First Method^^ for Platinum^ Gold^ Iridium^ and 
Iridosmium, — Take of the lead button or platinum alloy 
such a quantity as shall contain about 100 milligrams of 
platinum, and scorify at a high heat with 40 grams of test- 
lead until the slag covers over, pour into a mould, and 
when cold hammer to detach the slag. The button should 
weigh about 10 grams, and will be malleable if it contains 
less than 5^ of platinum. 

Place the button in a large beaker with 200 c.c, of nitric 
acid 1.08 sp. gr. and heat until all action ceases ; then filter 
through a small ashless paper, and wash the residue of 
lead, gold, platinum, iridium, etc., with water once or 
twice, .transfer the paper to a porcela'.n capsule, dry, and 
then ignite in the muflflie with the door open for ten min- 
utes to oxidize the lead remaining with the gold, etc. 
After cooling heat to boiling with 1.08 sp. gr. nitric acid 
for several minutes, decant, wash thoroughly in the cap- 
sule, dry, anneal, and weigh the gold, platinum, iridium, 
and iridosmium. 

Replace in the capsule, and warm with dilute aqua regia 
(1:7) for a few minutes, which readily dissolves the gold and 
platinum in the finely divided state in which they are left. 
Decant into a small beaker, ignite, and weigh the residue. 

To separate iridium from iridosmium boil the residue 
with strong aqua regia, decant, and wash ; the final residue 
is iridosmium. 

Evaporate the fiiltrate containing gold and platinum 
just to dryness to remove chlorine and nitric acid, but do 
not bake as chloride of gold will be reduced, dissolve in 
water and a few drops of hydrochloric acid, and precipi- 

*E. H. Miller, School of Mines Quarterly, Vol. XVII. , pp. 26-38. 
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tate the gold by warming with crystals of oxalic acid for 
half an hour, filter, and weigh the gold,— or, better, cupel 
with silver (three times the weight of gold) to remove fllter- 
ash,— part with nitric acid as usual, and weigh gold after 
annealing. This treatment would also remove any trace of 
platinum. The platinum is estimated by difference, or may 
be precipitated as (NH4)2PtCl6 after destroying the excess 
of oxalic acid. 

If an ore contain Pt, iridosmium, Os, Ir, Pd, Ru, Rh, 
Ag, Au, Cu, Fe, and Si02, the scorification with lead re- 
moves iron and silica as well as most of the copper, and 
volatilizes some osmium. The first treatment with 1.08 
nitric acid dissolves most of the lead, all of the silver, cop- 
per if present, palladium, and some rhodium, leaving Pb, 
Pt, Ir (Ru, Rh, Os ?), Au, and iridosmium. The second 
treatment with nitric acid after ignition takes out the rest 
of the lead. Dilute aqua regia dissolves gold and plati- 
num, leaving iridosmium, iridium, and some of the 
trifling amounts of Ru, Rh, and Os present. 

Second Method^ for the Determination of Base Metal^ 
Silvery Oold^ Platinurriy and Iridosmium. — This method 
takes advantage of the solubility of platinum in nitric acid 
when alloyed with at least 12 parts of silver. 

The button or platinum alloy, containing from 100 to 200 
milligrams of platinum, is cupelled with sufficient silver to 
prevent freezing, — this should be 5 to 6 times the platinum 
present,— the heat should be very high at the end, and the 
button should be allowed to remain in the muffle for 
several minutes after brightening to remove lead as com- 
pletely as possible, even if some silver is lost. After 
allowing for the silver added, the loss in weight is base 
metal. The button is hammered as usual, rolled out, and 
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the silver dissolved by boiling for several minutes with 
concentrated sulphuric acid ; the residue is washed, 
annealed, and weighed ; the loss minus the silver added 
gives the silver, the residue is gold, platinum, iridosmium, 
etc. To the residue twelve times its weight of silver U 
added and the mixture cupelled with lead ; the resulting 
button is hammered, rolled out, and parted with nitric 
acid 1.16, then with 1.26 sp. gr. 

One such treatment will not remove all the platinum, 
so that the operation must be repeated or the boiling with 
acid prolonged until the residue no longer diminishes in 
weight. Unless this precaution be observed the gold will 
be too high. The residue of gold, iridosmium, etc., is 
weighed and the loss from the previous rfesidue determined 
as platinum. It is then treated with diltUe aqua regia to 
dissolve the gold, and the final residue of iridosmium 
is obtained. 

In this method no account is taken of the other metals 
always associated with platinum. Palladium dissolves 
with the silver ; iridium is left with the iridosmium if the 
aqua regia used is dilute (1 to 5) and only heated gently ; 
if strong aqua regia is used, the iridium will dissolve with 
the gold. 

Remarks. — Some very pure platinum-foil assayed by 
the first method gave 99.70 per cent of platinum. 

The following results were obtained on an alloy con- 
taining lead, silver, gold, platinum, iridium, and iridos- 
mium :* 

Wet Method.— Pt, as (NH4)8PtCl6, 10.53 and 10.30^; 
Au, by oxalic acid, 3.42 and 3.424^. 

* E. H. Miller, S. of M. Quarterly, Vol. XVII., pp. 2e-88. 
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First Method: Pt, 10.44 and 10 ABfi; Au, 3.4£6 and 
aA5^ ; Ir, 0.55^ ; IrOs, 0.555^. 

Second Method (residue not retreated) : 

Platinum. Gold. 
Ratio of silver to residue, 13 to 1 . . 10.02j^ 4.885^ 

'' *' '' '' '' 19tol.. 10.29^' 4.70" 
Iridosmium 0.22" 

These results are inserted to show the necessity for the 
modifications described under the second method. 

Platinum if present in an ore to the extent of a small 
percentage of the gold and silver will not be noticed unless 
specially tested for, as it dissolves in the nitric acid with 
the silver. If present in greater quantity the button will 
freeze in cupellation before all the lead has been oxidized, 
and the bead will have a white, frosted appearance, 
sometimes resembling a cauliflower. 

The addition of cadmium to an alloy containing plati- 
num and silver renders the platinum insoluble in nitric 
acid. This fact is made use of for the determination of 
silver in gold bullion containing platinum.* 

CARBON. Syrribol—C. 
(COAL.) 

Sources. — ^Carbon occurs in a vast number of com- 

I)ounds, combined with hydrogen, oxygen, and often 

nitrogen, but we only give such as are of interest to the 

assayer : 

Percentage of 
Carbon. 

Diamond, crystallized 100 fi 

Graphite, nearly pure 96 to 100 *' 

Anthracite, volatile matter less than 7^ 90 to 96 " 

* Rose. Metallurgy of Gold. pp. 422 and 426. 
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Percentage of 
Carbou. 

Semi-anthracite, volatile matter less than 10 ^. Variable 
Semi-bituminous, '' '* '' '' 18'* 

Bituminous, " *' more '' 18'' " 

Lignite or brown coal 

Charcoal 






Assay.— Methods for the assay of coal are all that can 
be given here. 

The assay of a specimen of coal varies with the purpose 
for which the coal is to be employed. The most general 
tests are calorific power, specific gravity, moisture, volatUe 
combustible (gas), fixed carbon, ash, sulphur, and in some 
cases phosphorus. 

The calorific power of a fuel may be determined by 
three methods : 

1st. By combustion in a calorimeter in which a known 
weight of water is heated by the combustion of the fuel. 

2d. By calculation from the results of an elementary 
analysis in which C, H, S, and ash, are determined, 

3d. By calculation from the amount of lead reduced by 
one gram of the coal (Berthier's method). 

The third method ia the most rapid, and , though not 
exact for coals containing much volatile matter, is largely 
used. 

Weigh out three portions of 1 gram each of the finely 
and freshly pulverized coal, and mix each with 75 grams 
of litharge, which should be free from red lead, place 
in a sand crucible and cover with 26 grams more litharge, 
fuse either in the crucible furnace or the muffle at a good 
bright heat for 20 to 30 minutes, either break or pour the 
crucibles, hammer and weigh the buttons as usual; aver- 
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age the weights of the three buttons, and multiply by 

240 for an anthracite and by 268.3 for a bituminous 

coal. * 

The factor for pure carbon is obtained as follows: 1 

gram of carbon when burned completely gives 8080 heat 

units, lesser calories, 'that is, it will raise 8080 gi-ams of 

water from 0° to 1°C., and 1 gram of carbon reduces 34.5 

grams of lead (2PbO + C = 2Pb + CO2; 12C=414Pb), so 

8080 
that the weight of lead reduced multiplied by -kt-^ ot 234.2 

= the calorific power. 

The factor for hydrogen, however, is -=7777-= or 333, so 

the more volatile matter the coal contains the higher must 
be the factor used. 

Moisture.^ — Weigh out 1 to 2 grams of the coal in a 
I)latinum or porcelain crucible, and heat for one hour in an 
air-bath at a temperature of 104**-107'* C, cool in a desic* 
cator and weigh ; loss in weight is moisture. 

Volatile Combustible Matter. — The volatile combustible 
is found as follows : Weigh out ix fresh portion of 1 . to 2 
grams and heat in a platinum crucible over the full flame 
of a Bunsen burner for 7 minutes. Carbon may be dei)os- 
ited on the under side of the cover, which should remain 
on tlxe crucible throughout. Cool and weigh ; the loss i» 
moisture, volatile combustible, and one half the sulphur 
present as pyrites. 

Ash. — Remove the cover from the crucible containing 
the portion used for the determination of moisture and bum 
out the carbon over a Bunsen burner, until nothing but a 
red or gray ash remains ; cool and weigh ; the loss in weight 

• Noyes, J. Am. Chem. Soc, Vol. XVII., p. 848. ~ 

t J. Am. Chem. Soc., Vol. XXI., p. 1116, 1899. 
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is the fixed carbon^ volatile combustible matter, and all 
the sulphur as pyrites, the residue is ash. 

Fixed Carbon is obtained by difference. 100 minus the 
sum of the percentages of moisture, volatile combustible 
and ash gives the fixed carbon, including one half the sul- 
phur as pyrites. 

Sfulphur.'—T^<^ determination of sulphur is most con- 
veniently made as follows : Mix 1 to 2 grams of the coal 
with 1 gram of oxide of magnesium in which the sulphur 
has been accurately determined, and i gram of anhydrous 
carbonate of soda ; place in a large platinum crucible, turn 
on its side, and heat at a low red heat, without the cover, 
for about one hour, stirring from time to time with a stout 
platinum wire, until the carbon has been completely oxi- 
dized. The charge should always be in a porous condition, 
not fused, so that the air can penetrate and oxidize the 
carbon and sulphur, which latter then combines with the 
bases present. When the carbon has been burned out, 
allow the crucible to cool ; transfer the contents to a 
beaker; add about 150 c.c. of distilled water and boil 
for fifteen minutes to dissolve the soluble sulphates 
and sulphites ; filter and wash with hot water. To the 
filtrate add 20 c.c. of bromine water and boil to com- 
plete the oxidation of the sulphur and to expel the ex- 
cess of bromine ; then acidify with hydrochloric acid, heat 
to boiling, boil out the carbonic acid and add gradu- 
ally 10 c.c. of a 10^ solution of barium chloride, boil for 
five minutes, allow to settle, filter, and wash the precipi- 
tate of barium sulphate, first with dilute hydrochloric 
acid, then with hot water, until free from chlorides. Bum 
the precipitate in a weighed platinum crucible after moist- 
ening with a few drops of concentrated nitric acid ; when 
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white, allow to cool, and add a few drops of dilute sul- 
phuric acid to reconvert to sulphate any barium sulphide 
reduced by the carbon of the filter. Ignite and weigh. 
From the weight of the precipitate calculate the percentage 
of sulphur in the coal. 

Remarks.— Analysis of two samples of different bitumi- 
nous coals gave the following results in one hundred parts: 

Moisture 3. 310 0.965 

Volatile combustible matter + i sulphur ... 27. 300 30. 11 1 

Fixed carbon -f i sulphur 61.965 61.033 

Ash, including phosphorus 7.425 7.829 

Sulphur 3.863 1.347 

27.300-^^, and 30.111-^^, give the correct 
amounts of volatile matter. 

61.966 -^:|^, and 61.033 -i^, give the correct 

amounts of fixed carbon. 

The sulphur may, however, be present either wholly 
or in part as sulphate, in which case it will be found in 
the ash, and not with the volatile matter or fixed carbon. 

It is often desirable to know the amount of coke a coal 
will give ; this is the sum of the fixed carbon and ash, or 
it may be determined as follows : 

Weigh out enough of the coal broken up in small 
pieces to fill a No. 6 Hessian crucible | full ; lute on the 
cover, leaving a hole for the escape of the gas ; place in a 
crucible fire, and heat till no more gas escapes. Cool, 
weigh the coke, and examine its quality, density, etc. 

For the determination of phosphorus in the ash see iron 
ore (page 186). 



PART in. 

WET ASSAYS OR ANALYSES. 



SILVER BULLION. 

This assay can be best described under three heads: 
a. Preparation of solutions. 6. Preliminary assay, c. Assay 
proper. 

(a) Preparation of Solutions. — Three solutions are 
required, called normal salt, decime salt, and decime silver. 

The normal salt is a solution of salt 100 c.c. of which 
will precipitate exactly 1 gm. of pure silver. 

The decime salt is a solution one tenth the strength of 
the normal. One c.c. will precipitate one milligram of 
silver. It is made by diluting one part of the normal 
solution with nine parts of pure water. 

The decime silver is a solution of one gram of pure silver 
in nitric acid diluted to a litre. One c.c. of this solution 
will contain one milligram of pure silver. One c.c. decime 
silver is, therefore, equivalent to one c.c. decime salt. 

'' Normal" as used here has a special meaning ; a nor- 
mal solution usually means one containing the hydrogen 
equivalent of the active constituent in grams per liter ; the 
amount which will bring into reaction one gram of hydro- 
gen, eight grams of oxygen or their equivalents. 

A large quantity of the normal salt solution is prepared 
and preserved in a common glass carboy, which has affixed 
to it a paper scale carefully graduated, indicating at any 
time the amount of solution left. It is made by diluting 
2.07 parts of a saturated solution of salt with 97.93 parts 
of pure water, or until each 100 c.c. of the resulting solu- 
tion contains just 0.54207 of a gram of salt, which is the 
amount necessary to precipitate 1 gm. of pure silver. The 

143 
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amount of saturated solution required for 100 c.c. of the 
normal depends upon the temperature, so it is preferable 
to weigh out a multiple of 0.54207 grams of salt ; dissolve 
it in water and then dilute to the proper volume.^ The nor- 
mal solution must be well mixed, and the tubes and pipette 
washed out by allowing some to run through them. The 
solution must then be accurately standardized. For this 
purpose three or four solutions of silver in nitric acid are 
prepared, called check assays, each containing 1 gm. pure 
silver. The solutions are made with strong acid in glass- 
stoppered bottles of 8 ozs. or 250 c.c. capacity. Prepare 
also a temporary decime salt solution by diluting 25 c.c. 
of the approximate normal with 225 c.c, of water. 

Three cases may arise : (1) the solution is too weak, (2) 
the solution is exactly right, (3) the solution is too strong. 

(1) Pill the pipette with the normal salt solution and 
allow it to run into an empty beaker to rinse out the 
pipette ; then run 100 c.c. into the bottle containing 1 
gram of silver, shake vigorously, and allow the precipitate 
of silver chloride to settle in a dark place ; the solution 
should be bright and clear ; if it appears milky, shake 
again. Now add 1 c.c. of decime salt ; if the normal solu- 
tion is too weak, the addition of salt will produce a pre- 
cipitate, as the silver is in excess. Continue adding decime 
salt as long as a precipitate is produced ; then check back 
by adding decime silver, first 1 c.c, then i c.c. at a time. 

A convenient way of recording the amount added is as 
jj^ii _._i. . _•__ J ^^^ decime salt, each 



This means that 6 c.c. of 
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c.c. decime silver. 
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decime salt was added, but the last gave no precipitate, 
hence was not counted. The silver solution added only 
confirms the result that 100.4 c.c. was the correct amount, 
for the first silver added of course precipitated the last 
salt, which was in excess, the second gave no precipitate, 
hence the test is complete, and the strength of the solution 
is such that 100.4 c.c. = 1 gm. Ag. 

(2) If the strength of the solution is right, the first salt 

will give no precipitate, neither will the second silver. 

100 
— r-r- ; 100 C.C. = 1 gm. Ag, or the solution is exactly 

normal. 

(3) If the solution is too strong, the addition of salt 

will give no precipitate ; then silver is added until it fails 

100 
to give a precipitate. — ; means that it requires 1.002 



+ 

grams of silver to precipitate the salt in 100 c.c. of the 
solution, or 99.8 + c.c. = 1 gm. Ag. For every 99.8 c.c. of 
solution 0.2 c.c. of water must be added to make it normal. 
In the first case to make the solution normal we must add 
salt equivalent to j^^ of 0.54207 grams for every 100.4 c.c. 
of solution. 

Suppose we have six litres of solution left, the excess of 
water {x) can be calculated as follows : 100.4 : 0.4 :: 6000 : 
X ; then 100 c.c. : x c.c. :: 0.54207 : y {y = grams of salt 
to add). 

{b) Preliminary Assay.— This has been described in 
Part II. It is necessary to make a preliminary assay in 
order to determine the weight of the alloy that will precipi- 
tate almost exactly the chlorine in the 100 c.c. ot salt. 
Unless this is done, the assay becomes tedious and in- 
accurate, and does not conform with the practice of the 
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mints and assay offices. If the alloy contains but little cop- 
per, the preliminary assay may be made with sufficient ac- 
curacy by Volhard's method* of titrating with a standard 
solution of ammonium sulphocyanide, using ferric sulphate 
as an indicator. 

(c) Assay Proper.— Take such weight of the alloy as 
contains one gram of silver ; if the corrected approximate 
fineness is 910, 910 : 1000 : : 1 : a: (a; = 1.099, which is the 
weight to be taken). This is weighed out carefully, dis- 
solved by 10 c.c. of nitric acid 1.26 sp. gr., in an 8-oz. bottle 
provided with a good ground-glass stopper, by heating 
gently on a sand-bath. Blow out the fumes and allow to 
cool, then run in 100 c.c. of normal salt and proceed as in 
standardizing. 

100 
Suppose the result is as follows, _^ — j- ; hence 100.3 c.c. 



+ 

+ 

+ 
salt solution were used. If the solution is exactly normal, 
we have 1.099 : 100.3 : : 1000 : x {x = fineness). If the 
solution is not normal, another correction must be made 
before using this proportion. (See examples in Part V.) 

Apparatus ^Employed. —Fig. 38.— The carboy should 
hold about 60 litres or 15 to 16 gallons, and have a paper 
scale affixed to it, graduated by adding successively a 
known number of litres of water until the carboy is 
filled, and marking after each addition the height of the 
liquid. B and V are parts of a valve. B is the cover 
of glass through which the tubes pass, fitted by a cork, 
y is a neck of sheet iron four inches deep. The valve is 

* See DeterminatioD of ArseDic. 
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closed with mercury to about one-third of its height. An 
enlarged section of the valve is shown at F. The tube T 
and the siphon S reach nearly to the bottom of the 
carboy. The former admits air, and as none can pass 
out evaporation is prevented. The siphon is jointed with 

rubber at a, and has a stop-cock 
at h. It is furnished at the lower 
end with a piece of rubber tubing 
for connecting with the lower part 
of the pipette P, which is sup- 
ported by brackets c c affixed to 
the wall of the room or an up- 
right standard. The upper ex- 
tremity of the pipette P passes 
through a vessel dy designed to 
catch the liquid running over. The 
method of using the apparatus is 
to attach the tube to the pi- 
rf I pette, open the pinch-cock e, 
and allow the nonnal solu- 
tion to flow upwards into the 
pipette until the latter over- 
flows. Stop the flow, close 
with the finger, remove the 
rubber tube, and wipe off 
any of the solution adhering 
to the outside of the pipette, 
which is now ready on removing the 
finger to deliver 100 c.c. of the normal 
solution. Fig. 39 shows a very conven- 
PiG. 88. lent apparatus for holding the glass bot- 

tle which receives the liquid from the pipette and for catch- 
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ing the drippings. C is a cylinder of tin plate to receive 
the assay-bottle. -& is a sponge enveloped in linen, forced 
into a tube of tin, terminated above by a cup and open 
below, so that the liquid may run into the vessel 5, on 
which the tube is soldered. The whole apparatus is 
affixed to a sheet of tin plate, movable in two slots R R. 
The extent of movement is determined by two stops 1 1^ so 
placed that when the base of the apparatus abuts against 
one of them the pipette will be in contact with the 




Fig. 39. 

sponge. When it strikes the other, it will be directly 
over the centre of the neck of the bottle. 

Remarks.— The precipitated chloride of silver must be 
exposed to the light as little as possible. This may be 
prevented by windows of yellow glass, which excludes 
chemical rays. If the bullion treated contains mercury, 
sunlight will not blacken the combined chlorides; the mer- 
cury may be held in solution by adding 10 gms. of sodium 
acetate and a little free acetic acid. Test for the pres- 
ence of mercury by standing the bottle in the light. The 
temperature of the normal solution should remain the 
same as that at which it was standardized ; the most con- 
venient temperature is 68° P. The solution should be 
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made and kept in a separate room, the temperature of 
which can be regulated. 

Despite all precautions the normal solution will become 
stronger in time by the evaporation of water. This will 
demand correction, and in practice it is customary to take 
a certain weight of pure silver and subject it to the same 
operation as in the regular assay. The latter is corrected 
according to the indications of the proof assay. 1.004 
grams of silver is a convenient weight to take. 

The presence of sulphide of silver or antimony, lead, 
and tin sometimes interferes in making the silver bullion 
assay. The first two may be removed by boiling with 
stronger acid. For the latter a little nitre -^ud sulphuric 
acid will make a clear solution. 

LEAD. Symbol— Ph. 

Sources.— See page 63. 

Assay. (1) OraviTnetric Method (in which the lead is 
weighed as sulphate, PbS04). — Dissolve 1 gram of finely 
pulverized ore or igram of an alloy in 16 c.c. of strong 
nitric acid in a covered casserole by the aid of heat ; when 
the solution is complete and the sulphur oxidized, add 10 
c.c. of sulphuric acid, 1.41 sp. gr., and evaporate to fumes 
of sulphuric anhydride, SO,. If the solution bumps near 
the end, keep the contents of the casserole revolving while 
holding in the hand over a fiame. Allow to cool, and add 
carefully, 100 c.c. of water; break up the residue, and heat 
to boiling for a few minutes to dissolve any basic ferric sul- 
phate that may be formed by the evaporation. Allow to 
cool, and then decant through a small filter, leaving as 
much as possible of the residue of PbS04, CaSO*, Si02, etc., 
in the casserole. Wash this residue thoroughly with 1 % 
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sulphuric acid, then with alcohol ; pour the washings 
through the filter eacn time. 

Dissolve the lead sulphate (PbSO*) from the residue in 
the casserole in a strong hot solution of ammonium acetate 
slightly acid with acetic acid; pour this solution through 
the filter into a clean beaker; repeat this till all the lead 
sulphate is dissolved, then wash the contents of the casser- 
ole on to the filter with hot water. Acidify the filtrate 
with sulphuric acid and filter the PbS04 on a small 
paper, washing as before with dilute sulphuric acid and 
with alcohol. Dry the filter and lead sulphate, sepa- 
rate the precipitate from the paper, and bum the paper 
with a few drops of strong nitric acid in a weighed 
porcelain crucible. If any lead has been reduced by the 
carbon of the paper, dissolve this in nitric acid, add sul- 
phuric acid (a few drops), and evaporate to dryness. Now 
add the remainder of the precipitate, ignite, and when cold, 
weigh; the increased weight of the crucible and cover 
minus the weight of the filter-ash is PbS04, from which 
the percentage of lead is calculated. 

When filter-paper is used which has been treated 
with hydrofluoric acid, the ash is so small that it may be 
neglected. The ignition of the lead sulphate may be done 
in a platinum crucible without injury to the crucible if 
care is taken to prevent the reduction of any lead. 

(2) Yolumetric Method^ Alexander's,''' —This method 
is based on the fact that ammonium molybdate when 
added to a hot solution of lead acetate will give a precipi- 
tate of molybdate of lead (PbMo04) which is insoluble 
in acetic acid. An excess of ammonium molybdate 

• Engineering and Mining Journal, April 1893, p. 298. 
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will give a yellow color with a freshly prepared solution of 
tannin. 

Solutions Required. — A standard solution of ammonium 
molybdate containing about 9 grams per litre. If the solu- 
tion is not clear, add a few drops of ammonia. 

IndicdtoT. — A freshly prepared solution of 1 part tannin 
in 300 parts of water. 

Standardizing, — Weigh out 300 milligrams of pure dry 
sulphate of lead, dissolve it in hot ammonium acetate, 
acidify with acetic acid, and dilute with water to 250 c.c. 
heat to boiling, and run in ammonium molybdate solution 
from a graduated burette till the lead is all precipitated as 
white PbMo04. This is ascertained by placing drops of the 
indicator on a white surface, such as a porcelain plate, and 
to them adding a drop of the solution tested after each ad- 
dition of ammonium molybdate : when the end is reached 
an excess of ammonium molybdate gives a yellow color 
with tannin. The excess necessary to affect the indicator 
(about 0.7 c.c.) must be determined and subtracted from the 
burette reading. (See page 164.) 

In titrating it is essential to stir the solution very thor- 
oughly, and when near the end to wait a few seconds be- 
fore trying the drop test. 

Assay.— Tine ore is treated as described under the 
gravimetric method until the lead is precipitated as sul- 
phate; this is washed twice with hot dilute sulphuric acid, 
then once with water, and dissolved as before in hot ammo- 
nium acetate; this solution is acidified with acetic acid di- 
luted to 260 c.c. with hot water, and heated to boiling. The 
solution is now ready for titration, which is done as in 
standardizing. The number of c.c. used times the strength 
of the solution in terms of lead divided by the weight 
taken and multiplied by 100 gives the per cent of lead. 
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If the titration is delayed and the solution becomes cold^ 
it should be heated again almost to boiling before the end 
is reached. 

Remarks. — Three lead ores gave the following results 
by the methods described : 

Gravimetric. Volometric, 
Galena 77.74 78.08 

Galena and pyrites 34.62 34.49 

Cerussite 38.02 3a20 

For results by fire assay on these ores see page 67. 



ZINC. Syrribol—Zn. 
Sources. — The principal ores of zinc are : 

Blende (sphalerite), sulphide (ZnS) when pure = 67.7 j^ zinc 
Smithsonite, carbonate (ZnCOs). .. 
Calamine, silicate (Zn^SiO* + HjO) 

Willemite, silicate (ZnSiOa) 

Zincite, oxide (ZnO) 

The last two occur associated with Pranklinite. 

The first three are found alone or associated with the 
ores of other metals ; this being especially true of the 
sulphide, which often contains silver and is found with 
galena. 

Assay, (a) Oravimetric. — The detailed methods are 
long and tedious and do not come within the scope of this 
book ; the reader will find them described in Cairns' 
Quantitative Analysis, Crooke's Select Methods, Fresenius' 
Quantitative Analysis, etc. Only a brief outline of the 
quantitative practice is given as follows : 
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Obtain the zinc, from about 1 gram of ore, in solution 
as chloride as is described under the volumetric method ; 
filter off the insoluble residue, and saturate the hydro- 
chloric acid solution with hydrogen sulphide (HgS) to 
precipitate any lead, copper, cadmium, arsenic, antimony, 
or bismuth, etc., which may be present; filter; in the 
filtrate oxidize the iron by adding a few crystals of potas- 
sium chlorate and boiling ; nearly neutralize with sodium 
carbonate until the solution becomes dark red in color, but 
remains clear ; then add sodium acetate until the color no 
longer darkens; dilute to at least 500 c.c. and boil for 
three minutes, filter, and wash with hot water. The pre- 
cipitate will contain iron, aluminum, phosphorus, etc.; the 
filtrate zinc, manganese if present, lime, magnesia, etc. To 
the filtrate add a few c.c. of sodium acetate, then bromine, 
and warm until the manganese is completely precipitated 
as hydrated MnOa ; filter and wash ; heat the filtrate to 
boiling, add 5 grams of ammonium cliloride, and while hot 
saturate with hydrogen sulphide ; filter out the zinc sul- 
phide and wash with water containing hydrogen sul- 
phide; dissolve in nitric acid, evaporate oflf the excess, 
dilute, and add a decided excess of microcosmic salt ; heat 
to boiling and add ammonia until faintly alkaline ; heat on 
water-bath until the precipitate becomes crystalline ; filter 
when cold on balanced filters or a Gooch crucible, wash 
with water, dry in an air-bath at lOS"* C. and weigh as 
ZnNH4P04 ; or dissolve the washed precipitate with nitric 
acid into a weighed platinum dish, evaporate and dry at 
105^ C. (See table of factors. Part V.) 

(6) Volumetric, — The following methods will be found 
sufficiently accurate for commercial use : 

Principle, — Zinc is precipitated as TiU^^e^iQ^)^ by a 
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Btandard solution of potassium ferrocyanide (K4FeCy6) in 
a weak hydrochloric acid solution. The end reaction is a 
brown color with uranium acetate (U02(C2H302)2). Cad- 
mium, copper, iron, manganese, nickel and cobalt * inter- 
fere, and must therefore be removed before titration. 

Solutions, — A standard solution of potassium ferro- 
cyanide, made by dissolving 43.2 grams of the salt, 
K4FeCy6,3H20, in cold water and diluting to one litre ; 
1 c.c. will be equivalent to about 10 mgs. of zinc. 

A saturated aqueous solution of uranium acetate. 

A saturated solution of chlorate of potash in strong 
nitric acid. 

A solution of ammonium chloride containing 10 grams 
to the litre. 

Standardizing.— Aj^ the end reaction in this method is 
not extremely delicate in the presence of hydrochloric acid, 
it is necessary to make allowance for the amount of the 
standard solution in excess, necessary to turn the indicator; 
this amount is then subtracted from the burette-reading in 
every case. To determine this decide upon the bulk and 
degree of acidity to be used, as the allowance is aflPected 
by both. For ores which do not contain lead, 200 c.c. con- 
taining 2 c.c. of HCl 1.2 sp. gr. will give good results. If 
leadis present, 6c.c. of HCl must be used to prevent the pre- 
cipitation of lead ferrocyanide. Place the amount of water 
and acid decided on in a beaker and warm to 80° C.; run in 
ferrocyanide drop by drop until the indicator is affected: 
this is determined by placing drops of uranium acetate on 
a white plate and bringing a drop of the solution in contact 
with them; the first decided brown shows the end. 

To standardize the ferrocyanide solution weigh out two 

* Also large amounts of aluminium. 
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portions of about 0.2 of a gram each of pure zinc (of course 
note the exact weights), dissolve these in beakers in a 
little concentrated HCl with aid of heat, dilute slightly and 
neutralize with sodium carbonate, then add the amount 
of HCl decided on (2 c.c), dilute to the standard bulk 
(200 c.c), heat almost to boiling, and run in ferrocyanide 
until the indicator is affected. Subtract from the amount 
used what was found to be necessary to turn the indicator, 
then divide the weight of zinc by the result. Standards 
should agree to the fifth decimal place. 

(1) MetJiod for Ores Containing Iron^ Copper^ Cad- 
mium^ and Small Amounts of Manganese^ such as Blende^ 
Calamine^ Smithsonite, etc. — ^Take exactly one gram of the 
finely pulverized ore and treat with 26 c.c. of the chlorate 
solution in a casserole. Warm gently at first and continue 
heating till all greenish fumes have disappeared, cover, and 
evaporate to dryness, but do not bake; this treatment 
throws out the manganese as MnO,. When cold add 7 
grams NH4CI, 15 c.c. strong ammonia, and 25 c.c. of hot 
water, boil for a few minutes, and break up any masses 
that adhere to the sides of the casserole, filter into a flask 
or beaker, and wash with NH4CI solution, to which a few 
drops of ammonia have been added. If a large precipitate 
of ferric hydrate, etc., is formed it will carry down zinc 
with it ; in this case transfer the precipitate, without the 
paper, back into the casserole, and treat as before with 
chlorate solution, NH4CI and NH4OH, filter, and combine 
the two filtrates. 

If this filtrate is blue, copper is probably present ; it is 
most conveniently removed by acidifying the solution with 
hydrochloric acid, then shaking with test-lead until the 
copper is precipitated. If the ammoniacal solution shows 



156 ZINC. 

no blue color, of course this treatment is omitted. If cad- 
mium is present, it must be removed by HjS in a hydro- 
chloric acid solution, which will remove copper at the same 
time. Nickel and cobalt are not likely to be found in a 
zinc ore ; if present, the zinc must be precipitated by hy- 
drogen sulphide in a cold solution strongly acid with acetic 
acid. (See gravimetric scheme, p. 153.) 

The solution is now brought to the standard condition 
as to bulk and acidity. Methyl orange or some other 
indicator may be used here, though the color is liable ta 
complicate the end reaction. The solution is heated and 
titrated as in standardizing. When the amount of zinc in 
the ore is not approximately known, it is best to titrate 
about half the solution, first running in 1 c.c. at a time, 
so as to get an idea of the amount of ferrocyanide required;, 
then put in the second half, run up almost to the required 
amount, and finish by adding ferrocyanide drop by drop. 

Some ores, such as Willemite, which is commonly found 
associated with Franklinite, will not yield all their zinc 
when treated as described. In many cases a treatment with 
concentrated hydrochloric acid or aqua regia previous to 
the chlorate treatment will yield fairly accurate results. 
It is necessary to remove the excess of hydrochloric acid 
by evaporation before adding the oxidizing mixture (HNOj 
and KClOa) to give complete precipitation of the manganese 
as MnOj. 

(2) Method for FranJcUnite or Ores Rich in Man^ 
ganese.—Ynse 1 gram of the ore, ground to an impalpable 
powder, with 10 grams of mixed carbonates of potassium 
and sodium, and i gram of sodium nitrate for one hour, 
dissolve the fusion in hydrochloric acid, boil till the acid 
has become concentrated, add a few crystals of KClOs and 
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boil to oxidize the iron completely and to expel the excess 
of acid ; dilute to about 100 c.c, cool, nearly neutralize with 
a saturated solution of sodium carbonate, then add barium 
carbonate suspended in water, and shake till the precipitate 
curdles, which marks the complete precipitation of the 
iron. This is best done in a flask. Filter inmiediately 
and wash with cold water. To the filtrate add 10 c.c. of 
sodium acetate, 5 c.c. of acetic acid, and a few c.c. of 
bromine, warm under a hood until all the manganese is 
precipitated as hydrated Mn02 and the excess of bromine 
expelled ; filter out the Mn02 wash with water, evaporate 
the filtrate to about 150 c.c, neutralize the acids (HBr and 
HC2H802) with carbonate of soda, add the regular excess 
of HCl, etc. ; and titrate as before. 

The barium carbonate for this method should be spe- 
cially prepared as follows : * Select a c. p. carbonate of 
barium which is free from ammonia salts, such as Merck's; 
suspend this in water, and heat for several hours with 2 to 
3 per cent, of barium chloride ; this converts any alkaline 
carbonates, which would precipitate zinc, to chlorides. 
The slight excess of barium chloride does not interfere. 
When this precaution is not taken, the iron precipitate 
may contain up to 1 per cent, of zinc. 

Remarks.— Chloride of platinum acidified with hydro- 
chloric acid has been used as an indicator, f This gives a 
bright emerald-green with a hot solution containing po- 
tassium f errocyanide. The color takes a few seconds to 
develop, but is less affected by a variation of the excess 
of HCl than uranium acetate. It will not, however, work 
with a cold solution. 

• Stone, J. Am. Chem. Soc.. Vol. XVII., p. 473. 
tE. H. MUler, J. Am. Chem. Soc, Vol. XVIII. 
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No oxidizing agent must be present when the solu 
tion is titrated. If present it can be destroyed by 
adding a few c.c. of sulphurous acid and then boiling 
out the excess. 
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Sources. — See page 69. 

Assay. Determination of Bismuth in a Lead Alloy. 
— Dissolve 1 to 3 grams of the alloy in dilute nitric acid 
in a casserole, add 6 c.c. of concentrated sulphuric acid 
previously diluted with water, evaporate to fumes of 
SOa, cool, add water and heat to boiling, and filter out 
the insoluble PbS04 , Au, etc. If silver is present, add a 
little salt solution before filtering. Warm the filtrate and 
saturate with sulphuretted hydrogen, filter and wash with 
HaS water. Place the precipitate in a beaker and digest 
hot with yellow ammonium sulphide to dissolve sulphides 
of arsenic, antimony, tin, etc.; filter, dissolve the residue of 
sulphides of bismuth, copper, otc, in nitric acid, make 
alkaline with ammonia and add a slight excess of am- 
monium carbonate solution, boil for 15 minutes and allow 
to stand till the bismuth carbonate settles , 51ter, wash, and 
weigh as Bijd^. 

Determination of Bismuth in a Copper Matte or Alloy. 
— To the nitric acid solution of bismuth and copper add 
ammonia in excess and ammonium carbonate as already 
described. The precipitate may contain copper and must 
be redissolved in nitric acid and reprecipitated by ammonia 
and ammonium carbonate. Precipitate the bismuth in a 
moderately dilute solution. 
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Sources. — Besides the ores given in Part II., page 82, 
slags, mattes, pig copper, etc., are frequently to be as- 
sayed for copper. 

Assay. — Three methods are given : 

1. Electrolytic. 

2. Volumetric, "iodide'' method. 

3. Volumetric, "cyanide" method. 

(1) Electrolytic— Weigh out such quantity of ore or 
matte as shall contain 100 to 150 milligrams of copper. 
Treat in a small casserole covered by a watch-glass with a 
mixture of 20 c.c. concentrated nitric acid, 5 c.c. cone. HCl, 
5 c.c. cone. H2SO4 , on a hot plate till the copper has com- 
pletely dissolved, then evaporate to copious fumes of SOj. 
Allow to cool, and when cold add 50 c.c. of water, heat to 
boiling, and boil for several minutes to dissolve all the 
copper sulphate. Filter out the silica, etc., wash free from 
copper with hot water, run the filtrate and washings into a 
No. 1 beaker, nearly neutralize the excess of sulphuric acid 
with ammonia, then add 2 to 3 c.c. of cone. HNOs. 

The copper is best deposited on a platinum electrode, 
cylindrical in shape, having an area of at least 10 square 
inches; the cathode, must be thoroughly cleaned with 
nitric acid, washed with alcohol, heated to redness, and 
when cold weighed. It is then connected with the negative 
pole of the battery or other source of current The anode 
may be a similar smaller platinum electrode or a piece of 
stout platinum wire bent in a spiral; this is placed inside 
the cathode, but not in contact with it, and connected with 
the positive pole. The beaker containing the copper solu- 
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tion is placed on blocks under the electrodes so that they 
reach nearly to the bottom. 

The current must have a voltage of at least 1.24 to de- 
compose CUSO4. The amperes determine the rate of de- 
posit; from 0.1 to 0.25 ampere will give good results in 
most cases. If the copper is deposited too fast, it will not 
adhere firmly to the platinum. The most convenient source 
of current is a storage-battery, but either Edison-Laland 
or gravity cells will work very satisfactorily. 

It is usual to run a number of copper determinations at 
once. They are connected with the current in the after- 
noon and will be finished tlie next morning. When Edison- 
Laland cells are used, type S, put on one more cell than 
there are solutions to be electrolyzed. 

The copper should be deposited in a firm red adherent 
coating. The current must be continued till the solution 
gives no blue with ammonia. If nickel is present, test by 
H2S in an acid solution. When the copper has all been 
deposited, remove the blocks which support the beaker and 
immediately wash off the cathode with distilled water. 
The current must not be stopped while the cathode is in 
the solution, or the nitric acid would redissolve copper. 
Dis(».onnect the cathode and rinse with alcohol, dry at 
a gentle heat so that the copper will not oxidize, allow 
to cool for five minutes, and weigh. The increase in 
weight is copper. 

Nitric acid is used to prevent the deposition of small 
quantities of arsenic and antimony. If the deposition of 
copper takes a very long time, or if the current is strong, 
the excess of nitric acid will be reduced by the current 
and must be replaced. The cathode should be removed as 
soon as possible after all the copper is down, as zinc if 
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present, as well as some other metals, will begin to deposit 
after the copper. 

A platinum dish or large crucible can be used as a 
cathode. In this case the solution must be removed by a 
siphon before interrupting the current. 

Interfering Metals, — Traces of arsenic, antimony, and 
bismuth do not interfere with the method as described. 
Arsenic or antimony in considerable quantity must be 
removed either by roasting or by wet methods. 

Bismuth must be separated by ammonium carbonate, as 
described under Bismuth. 

Lead and manganese go to the anode as peroxides 
(Pb02 and MnOj). They do not interfere except when a dish 
is used. In this case they may drop to the bottom and 
become attached with the deposited copper. 

Nickel or cobalt will not deposit in a nitric acid solu- 
tion. 

Zinc may come down after the copper. This is more 
likely to happen if the current is strong. 

Silicates containing copper often require a fusion with 
alkaline carbonate previous to the treatment described. 

With ores containing much iron it is very difficult to 
get the last traces of copper deposited. When but little 
copper is left in the solution disconnect from the current 
and precipitate the iron with a large excess of ammonia, 
.filter, acidify the filtrate with nitric acid, and continue tlie 
electrolysis. 

Pig Copper,— To obtain an average sample (see p. 51) 
weigh out 10 grams of fine borings, dissolve them in a flask 
with 50 c.c. of strong nitric acid, add a few drops of salt 
solution to precipitate silver, filter and wash with hot 
water. When cold weigh the filtrate and from it weigh 
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out portions for electrolysis. Examine the residue for 
copper. 

(2) Iodide Method.— This method is based on the fact 
that potassium iodide precipitates all the copper from an 
acetic acid solution as cuprous iodide (CU2I2), liberating at 
the same time iodine. The iodine is measured by sodium 
thiosulphate ''hypo," using starch-paste as an indicator. 

Jieactions.— 
2Cu(C2H302)2 + 4KI = CU2I2 + la + 4KC2H3O2 

Copper acetate Potassium iodide Cuprous iodide Iodine Potassium acetate 

SNaAOs + I, = 2NaI + Na8S40,. 

Sodium tliiosulphate Iodine Sodium iodide Sodium tetrathionate 

Solutions. — Standard solution, containing about 19.6 
grams crystallized sodium thiosulphate (Na2S203.5H20), 
per litre. 

Starch solution, made by mixing 1 gram of starch to a 
thin paste with cold water, and then pouring into 100 c.c. 
of boiling water and boiling for several minutes. This 
solution does not keep and must be made up every few 
days ; it must be used cold and in about the same quantity 
each time. 

A saturated solution of zinc acetate. 

Standardizing,* — Weigh out two portions of fine cop- 
per-foil of about 200 milligrams each, dissolve in flasks or 
covered beakers in 10 c.c. of nitric acid 1.2 sp. gr., boil 
thoroughly till all red fumes are expelled, remove the 
flame, add 20 cc. of zinc acetate solution, boil for a 
minute, allow to cool, and dilute with water to about 50 
c.c; add 5 grams of crystals of potassium iodide, stir till 
they have dissolved, and run in " hypo" solution until the 

* Copper Assay by the Iodide Method, A. W. Low, J. Am. Chem. Soc., 
Vol. XVIII., p. 458. 
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brown color due to the liberated iodine has become weak ; 
add 1 to 2 c.c. of starch solution, and. continue the titration 
until the blue color has entirely disappeared. When near 
the end run in the ^'hypo" drop by drop, stirring thor- 
oughly between each addition. Prom the number of c.c. 
used calculate the standard of the hypo solution, which 
should be approximately 1 c.c. = 0.005 grams Cu. 

Assay. — Treat 1 to 3 grams of ore or 0.5 grams of matte 
with 20 C.C. of concentrated nitric acid, 5 c.c. concentrated 
hydrochloric acid, and 5 c.c. concentrated sulphuric acid 
in a small casserole or Hask, heat gently and evaporate to 
fumes of SO3 ; allow to cool ; add 20 c.c. of water and heat 
to boiling till all the copper is in solution. Filter out the 
SiOg, PbSO*, etc., allowing the filtrate to run into a small 
beaker. Wash the casserole and filter with hot water, 
keeping the volume of the filtrate and washings down to 
about 50 c.c. if possible. Place in the beaker two pieces of 
sheet aluminum -^ inch thick and 1^ inches square, whose 
corners are bent up so that a large surface may be acted 
on ; add 5 c.c. of strong sulphuric acid ; cover the beaker 
and heat to boiling for about ten minutes or until all the 
copper is precipitated. Pour the solution and deposited 
copper into a clean beaker and allow to settle, then decant 
through a filter and wash with hot water ; pour the wash- 
ings through the filter, but leave as much as possible of 
the copper in the beaker. Place the beaker under the 
funnel. To the beaker containing the aluminum, to which 
some copper may adhere, add 6 c.c. HNOg 1.2 sp. gr., and 
warm till all the copper has dissolved. Pour this solution 
through the filter into the beaker underneath containing 
most of the precipitated copper. Heat the beaker till all 
the copper has dissolved, then add half a gram of potassium 
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chlorate and boil for a few minutes to oxidize any arsenic 
precipitated with the copper. Now replace the beaker 
under the funnel and wash the filter and beaker contain- 
ing the aluminum into it with a little hot water. We now 
have all the copper in the beaker as nitrate ; to this add 
20 c.c. of zinc acetate solution and proceed as in stand- 
ardizing. 

(3) Cyanide Method. — This method is based on the 
decolorization of an ammoniacal solution of copper nitrate 
by potassium cyanide. 

The reactions are complicated, as different organic com- 
pounds are formed under varying conditions. For this 
reason it is essential to the accuracy of the method that 
the bulk of solution, the temperature, the excess of am- 
monia, the quantity of ammonium salts, and approxi- 
mately the amount of copper in solution shall be the same 
as in standardizing. 

Solution for Titration. — Made by dissolving 22 grams 
of pure potassium cyanide in water and diluting to 1 litre. 

Standardizing. — Weigh out portions of pure copper 
of about 200 milligrams each, dissolve in 10 c.c. 1.2 sp. gr. 
nitric acid in a beaker capable of holding 200 c.c, boil out 
the fumes, dilute with cold water to about 80 c.c, add 
caustic soda solution till a slight permanent precipitate 
forms, then add 6 c.c of strong ammonia sp. gr. 0.9. Run 
in cyanide from a graduated burette till the blue color is 
very faint, then dilute the solution to 150 c.c, and con- 
tinue adding cyanide a few drops at a time until the blue 
color has disappeared. 

The bulk of the solution should be 150 c.c. at the end 
in every case. To obtain this the operation is continued 
until but a few drops more are required, then diluted to 
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the correct volume. The beakers should be marked at 
the point they hold 150 c.c. 

Assay, — Dissolve the matte, ore, or bullion as has 
already been described ; precipitate the copper by alumi- 
num, zinc, or as sulphide by HjS ; dissolve in nitric acid, 
and proceed as in standardizing. 

This method will yield very accurate results when the 
operator is familiar with the end reaction and keeps the 
conditions the same in each case. The titration can be 
done in the presence of iron, but is not as accurate ; if it 
is performed in this way, standardize with a solution con- 
taining the same amount of iron. Do not attempt to filter 
oflf the precipitated ferric hydrate, as it holds copper which 
cannot be washed out. A better plan is to titrate until 
near the end, then filter, bring the filtrate to the proper 
volume, and finish the titration with the clear solution. 

Remarks. — A copper matte assayed by the three 
methods described gave the following results : 

Ist. 2d. Average. 

Electrolytic 53.89 53.93 53.91 

Iodide 53.97 53.99 53.98 

Cyanide 54.14 54.08 54.11 

When copper ores, mattes, etc., are bought by smelters 
on the results of wet assays, it is customary to deduct 1.3^ 
for loss of copper in smelting, and call the result copper 
by American fire-assay. 
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IRON. Symbol— ¥q. 

Sources.— See page 75. 

Assay. 

Iron Ore*.— The determination of iron is made by 
oxidizing the ferrous iron from a known weight of ore 
with a standard solution of either potassium permanganate 
or potassium dichromate. There are many modifications 
of these methods, but the two given are the most rapid 
and when properly used are extremely accurate. 

(1) Dichromate Titration (Penny's Method): This 
method is based on the following reaction : 

6FeCl2 + K^CraO; + 14HC1 

Ferrous Chloride Potassium Dichromate Hydrochloric Acid 

= SPejCl, + 2KC1 + CrjCl, + 7HjO 

Ferric Chloride Potassium Chloride Chromic Chloride Water 

Which takes place very rapidly at the ordinary tempera- 
ture. The end reaction is the absence of blue with potas- 
sium ferricyanide. 

Solutions,— N/10 potassium dichromate, made by dis- 
solving 4.9 grams of the pure salt and diluting to one 
litre. This solution keeps very well, so that frequent 
standardizing is unnecessary. As an indicator, a freshly 
prepared very dilute solution of potassium ferricyanide. 
Stannous chloride solution, containing 1 lb. SnCl2,3H20, 
1 lb. cone. HCl in two litres. A saturated solution of 
mercuric chloride. 

Standardizing.— The solution of KjCniO? will be found 
to be very close to the theoretical strength, 1 c.c. = 0.0066 
gms. Fe, but it should be standardized against iron wire of 
known purity, as follows : Dissolve two portions of flower 
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wire, from which any rust or dirt has been removed by 
emery-paper, of about 100 milligrams each, in 20 c.o. of 
HCl, 1.1 sp. gr. in small beakers ; when solution is complete 
add stannous chloride drop by drop to the hot solution 
until it becomes colorless. Avoid an excess. Dilute to 60 
c.c. and add at once 5 c.c. of mercuric chloride and stir. A 
white silky precipitate of Hg2Cl8 should be formed. If 
there is no precipitate, the iron cannot all have been re- 
duced. If the precipitate is gray or black, mercury has 
been reduced owing to the presence of too large an excess 
of SnCl2. If a silky white precipitate is formed, transfer to 
a larger beaker, dilute to about 300 c.c, and proceed at 
once with the titration; if a silky precipitate is not formed, 
start another portion. 

Place a number of drops of indicator on a white plate, 
run dichromate into the ferrous chloride solution until it 
becomes greenish, then test a drop by placing it in contact 
with one of the drops of ferricyanide on the plate. Con- 
tinue the addition of K2Cr207 until a drop of the solution 
gives no blue precipitate or color with the indicator, 
showing that aU the iron has been oxidized to ferric 
chloride. 

Assay. — Weigh out 50 times the standard of the 
dichromate solution in terms of iron. If the solution is 
1 c.c. = 0.0056 Fe, weigh out 0.280 gram in a small beaker ; 
to this add 2 c.o. of stannous chloride and 20 c.c. of HCl. 
1.1 sp.gr., and heat till the residue is white. The solution 
should be yellow. If it is colorless, add a little KgCraO? 
or K2Mn208 until it becomes yellow, then reduce by add- 
ing SnCl2 drop by drop and proceed as in standardizing. 
Each c.c. of KgCraO? used = 2j^ Fe without any calculation. 
Some ores, particularly magnetites, will not yield all their 
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iron by this treatment when they contain dark silicates 
such as pyroxene, etc. . If the iron as silicate as well as that 
present as oxide is to be determined, fuse the ore with 
mixed carbonates of potassium and sodium and sodium 
nitrate (NaNOa), dissolve in HCl, filter and precipitate the 
iron as Fe2(OH)6 with an excess of ammonia. Dissolve this 
precipitate in HCl and proceed as described. If an attempt 
is made to reduce the iron by SnCl2 and then add HgCl^ in 
the presence of the alkaline salts from the fusion, a black 
precipitate of mercury is usually the result. 

(2) Permanganaie Titration^ ZimmermanU'Reinhart 
Method* — The oxidation of ferrous iron by potassium per- 
manganate is best done in a sulphuric acid solution ; but as 
sulphuric acid is a poor solvent for iron ores, this requires 
a precipitation of the iron as hydrate, then a solution by 
sulphuric acid, then reduction by amalgamated zinc, etc. 
Hydrochloric acid is liable to be oxidized by the perman- 
ganate, giving chlorine which may escape from the solution 
without oxidizing the equivalent quantity of iron, or make 
the end indistinct. This is avoided by adding a preventive 
solution which overcomes the bad effects of hydrochloric 
acid when it is not present in large quantity. 

Solutions. — a. Stannous chloride and hydrochloric acid, 
1 lb. of each to 2 litres. 

&. Hydrochloric acid 1.1 sp. gr., 1 part concentrated acid 
to 1 of water. 

c. Mercuric chloride, saturated solution. 

d. Preventive solution made by dissolving 160 grams of 
manganese sulphate in water and diluting to 1750 c.c, then 
adding 330 c.c. of phosphoric acid 1.7 sp. gr. and 320 c.c. of 
concentrated sulphuric acid 1.82 sp. gr, 

* Mixer and Dubois. J. Am. Cbem. Soc., Vol. XVIL, p. 405. 
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e. Permanganate solution N/6 containing 6.32 grams 
EsMnjOs per litre. 

Standardizing. — Dissolve two portions of about 200 mgs. 
each of iron wire (weighed exactly) in 20 c.c. of solution I 
in a small covered beaker. When all is dissolved expel 
hydrogen by boiling and then add drop by drop solution 
a until the iron is all reduced. Dilute to 100 c.c, then add 
at once 10 c.c. of solution c. This should give a white 
silky precipitate of HgaCl2 with the excess of SnClj. 
Dilute to about 600 c.c. with cold water, add 6 to 8 
c.c. of solution d and titrate. Read from the top of the 
meniscus, looking from the level of the top of the solu- 
tion. After running in KjMnaOs until a drop gives to the 
solution a faint pink color, which remains for a minute 
after stirring, allow the solution to run down from the 
sides of the burette, then read the top of the meniscus as 
before. 

The iron wire is usually 99.7^ Pe ; 

grammes taken X 0.997 _ x ^ ^ 
No. of c.c. KaMnjOs used "" 

The duplicates should agree to the fifth decimal place. 

Assay. — Grind a small quantity of the sample to an 
impalpable powder in an agate mortar, weigh out 50 times 
the standard of the KaMngOg solution, place it in a small 
beaker with 3 c.c. of solution a and 15 c.c. of solution b. 
Cover with a watch-glass and heat till the residue is white. 
This does not often take more than ten minutes. When 
the iron is all dissolved and the solution still hot, solution 
a is added drop by drop and the operation continued as 
in standardizing, except that the solution d should be added 
to the water used for diluting or after the solution has 
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been diluted. Each c.c. of potassium permanganate 
(KaMngOs) used = 2^ of iron (Fe). 

JieactioTis.— Fe {wire) + 2HC1 = FeClj + H3, 

Hydrochloric Acid Ferrous Chloride Hydrogea 

2FeCl., + 2HC1 + O (from air) = FcjCl, + H,0, 

Ferrous Chloride Uydrochlonc Acid Oxygeu Ferric Chloride Water 

FeaOl, + SnCl, = 2FeCl, + SnCU, 

Ferric Chloride Stannous Chloride Ferrous Chloride Stannic Chloride 

SnClj (in excess) + 2HgCl2 = SnCU + HgaClj. 

Stannic Mervurous 

Stannous Chloride Mercuric Chloride Chloride Chloride 

If the excess of SnCla is large, this reaction may take 
place: 

SnCla + HgaCl, = 2Hg + SnCl*. 

stannous Chloride Mercurous Mercury Stannic Chloride. 

Chloride. 

In this event the analysis must be rejected. 

The reaction in titration is similar to the following : 

lOFeClj + 16HC1 + KaMuaOg 

Ferrous Chloride Hydrochloric Acid Potsssium Permanganate 

= 6Fe,CU + 2KC1 + 2MnCla + 8HjO. 

Ferric Chloride Potassium Chloride Maugaiious Chloride Water 

This reaction shows the proportions of KaMujOs to Fe, 
but is not exactly what takes place, as hydrochloric acid 
(HCl), sulphuric acid (H2SO4), and phosphoric acid (HgPOi) 
are present. 

The action of solution d is as follows : Manganous sul- 
phate (MnSO*) prevents the escape of CI; phosphoric acid 
(H8PO4) gives a colorless solution during titration, as ferric 
phosphate is formed. 
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MANGANESE. Symbol— Un. 
Sources.— 

Available Oxygea Manganese. 

Braunite, MnaOs 10^ AboutTO^ 

Pyrolusite, MnOa 18 63.2 

Manganite, MnO(OH) 9 62.4 

Hausmannite, MnjO* 6.8 72.0 

Psilomelane, MnOj + H2O, etc Variable 

Also rhodochrosite (MnCOs), Franklinite, wad, a mix- 
ture of oxides, and alabandite (MnS). 

Spiegeleisen and f erromanganese contain from 17 to 80^ 
manganese. 

Iron and steel commonly contain small amounts. 

ASi^AY.'—VoluTaetric Method by K2Mn208, Volhard^s. 
This method is based on the following reaction which 
takes place in a hot dilute neutral solution containing the 
manganese as sulphate : 

3MnS04 + KaMujOs + 2H2O = SMnOa + K2SO4 + 2H2SO4. 

MAiifranous Potassium Water Manfj^cunese Potassium Sulphuric 

Sulphate Permans^anate Dioxide Sulphate Acid 

Solution.— A standard solution of KaMnaOe is all that 
is required for this mptbod. The N/5 solution used for 
iron can be used for rich ores ; the solution for volumetric 
phosphorus containing 2 grams per litre, for material low 
in manganese. 

(1) Assay of a Manganese Or^.— Decompose 1 gram of 
finely ground ore with 10 c.c. cone. HCl and in some cases 
a little nitric acid to oxidize the iron; heat till complete de- 
composition is effected, then add about 25 c.c. of water and 
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6 to 10 c.c, of cone. H2SO4, and evaporate to fumes of SOj ; 
cool, dilute to 100 c.c, and heat to dissolve sulphates of 
iron, etc. If this treatment has not completely decom- 
posed the ore, as would be the case with Pranklinite, filter 
oflf the residue and fuse with KNaCOs, dissolve in HCl, 
evaporate with H2SO4 , and add to main portion. 

Nearly neutralize the sulphuric acid solution with a 
saturated solution of crystallized sodium carbonate, trans- 
fer to a litre flask and add a cream of oxide of zinc sus- 
pended in water until the precipitate coagulates and set- 
tles rapidly, shake after each addition of zinc oxide, allow 
the solution to cool, and dilute to the mark. Mix thor- 
oughly by pouring into a large beaker and back into the 
flask; it makes no difference whether any is lost after 
mixing, as only portions are taken for titration. Filter 
through a dry paper into a beaker. 

Take out with a pipette or flask portions of 100 or 200 
c.c. each, according to the richness of the ore and the 
strength of the permanganate solution. Place them in 
casseroles and dilute with an equal volume of water. Heat 
to boiling, and while hot run in permanganate rapidly, 
stirring very vigorously with a bent rod, until a faint 
pink is seen against the side of the casserole after the 
precipitated Mn02 has settled ; then stir again and see if 
the color is permanent, as it sometimes stirs out and re- 
quires a further addition of permanganate. Run the first 
portion rapidly, adding 1 c.c. of permanganate at a time 
near the end to get an idea of the amount required ; then 
check by subsequent portions, adding permanganate at 
once to within 1 c.c. of the required amount. 

Calculation : 

1 KjMnaOB = 10 Fe = 660.2 ; 
1 " = 3 Mn = 164.99. 
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164 99 
Hence the Mn standard is -ga^ of the Fe standard, or 

the Fe standard multiplied by 0.294484, 

(2) Assay of Spiegel and I^erromanganese.— Dissolve 
1 gram of spiegel or 0.4 to 0.5 grams of ferromanganese in 
15 c.c. HNOs 1.2 sp. gr. in a casserole, evaporate to dryness 
and bake to destroy combined carbon, dissolve in hydro- 
chloric acid, add sulphuric acid, evaporate to fumes of 
SO3 , and proceed as described under Manganese Ore. 

DETERMINATION OF AVAILABLE OXYGEN IN A MAN- 
GANESE ORE. 

Apparatus.— Two flasks of about 100 c.c. capacity, 
provided with rubber corks fitting tight, and with two holes 
in each, are connected by a bent glass tube which reaches 
almost to the bottom of both. Through the second hole 
in the cork of the first flask a bent tube is placed, which 
can be closed at the end by a stopper made from rubber 
tubing and a piece of glass rod. From the second flask a 
glass tube conducts the escaping gas through a small tube 
or flask containing concentrated sulphuric acid ; this is 
also provided with a plug to prevent the absorption of 
moisture while weighing. The entire apparatus must be 
air-tight and as light as possible. It is usually suspended 
by wires from the hook which holds the pans of the bal- 
ance, when weighed. Any of the many forms of apparatus 
employed for the determination of carbonic acid, (COg), by 
loss may be used here if of sufficient size. 

Assay. — Weigh out accurately from 1 to 3 grams of the 
flnely ground ore and transfer to the second (middle) flask, 
add about 10 grams of neutral potassium oxalate and a 
little water, mix by gentle agitation. Place in the flrst 
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flask about 50 c.c. of dilute sulphuric acid, and in the dry- 
ing-tube or flask about 5 c.c. of concentrated sulphuric acid, 
so that the tube shall dip into it for half an inch ; too much 
acid will require a greater pressure to force the gas through, 
and therefore tend to make the apparatus leak. Plug the 
ends of the apparatus and weigh. Remove the plugs and 
draw some of the acid into the second flask by applying a 
gentle suction ; when the effervescence of carbonic acid has 
ceased, draw over more acid. When all the acid is over 
and no more carbonic acid is evolved, warm the second 
flask to expel any CO? dissolved in the liquid, and draw a 
current of air through the flask. Allow to cool while the 
current passes ; when cold, plug up the ends and weigh. 
It is advisable to have a calcium chloride tube connected 
with the first flask so that the air entering the flask is dry. 
Reactions and Calculation. 

MnOa + K^CA + 2H2SO4 = MnSO* 

Manganese Dioxide Potassium Oxalate Sulphuric Acid Manganous Sulphate 

+ K2S04 + 2CO2 + 2H2O 

Potassium Sulphate Carbonic Acid Water 

The loss in weight is due to carbonic acid (COs). Each mole- 
cule of manganese dioxide gives two of COa ; hence 2C08 
correspond to 1 of available oxygen, or 88 : 16 as the los» 
in weight : available oxygen, and the available oxygen 
divided by the weight of ore taken and multiplied by 100 
gives the percentage of available oxygen. 

Remarks. — If the ore contains carbonates, treat first 
with dilute sulphuric acid, boil out the COg , then neutralize 
with KOH or NaOH, and proceed as described. 
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NICKEL AND COBALT. Syrnbols—m and Co. 

Sources. — See page 84. 

Assay.— Nickel and cobalt are precipitated together 
electrolytically in the absence of the 5th and 6th groups. 
The conditions for precipitation are as follows : * Nickel 
and cobalt present, 0.1 to 0.2 gram; ammonia 0.96 sp. gr., 
100 C.C. ; (NH4)2S04, 3 grams ; 100 c.c. of water. Total bulk, 
260 c.c. Current, 5 c.c. electrolytic gas per minute, or 
N.D.ioo 0.7 ampere (maximum), f Time required, about 4 
hours at tue ordinary temperature, or more rapidly at 70° C. 

The method of analysis is in brief as follows : Weigh out 
1 to 10 grams of ore, depending on the amount of nickel and 
cobalt present, decompose with nitric, hydrochloric, and 
sulphuric acids, evaporate to fumes, and filter. Precipitate 
the 6th and 6th groups by HjS ; if only copper is present, 
this may be done by the current in a nitric acid solution. 
Separate iron by repeated ammonia precipitations or by 
basic acetate and ammonia precipitations. Remove zinc by 
H2S in a cold solution, strongly acid with acetic acid, concen- 
trate the filtrates, add ammonia and (NH4)2S04 , and precipi- 
tate the nickel and cobalt together by the current ; weigh, 
dissolve in nitric acid, neutralize with K2CO3 or KOH, 
make slightly acid with acetic acid, add a strong solution of 
potassium nitrite (KNO2), and allow to stand in a warm 
place for 24 hours. The precipitate (Co2(N02)6,6KN02) is 
yellow and crystalline ; it should be washed first with a 10^ 
solution of KC2H3O2 , then with alcohol ; it may be treated 
with sulphuric acid and converted to 3K2SO4+2C0SO4, 
and weighed, or dissolved by HNO3 , and the cobalt precipi- 
tated by the current under the same conditions as before. 

* Bergman n. and Fresenius, Z. f. A. Ch., 19, 314. 
t 0.7 ampere for every 100 sq. cm. of cathode area. 
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SILICON. Symbol— Si. 

Sources. — As SiOa ^^ quartz and silicates and in alloys 
as silicon. 

Assay. — Silicon is determined as silica by fusion, 
dehydration, etc., and also by the removal of the SiOj 
by hydrofluoric acid, as is described on page 185. 

With many ores where the silica is present as quartz it 
can be determined with considerable accuracy by treating 
the ore with acids and considering the insoluble residue as 
all silica. 

When silicates are present which gelatinize, or when 
the ore is not readily decomposed by acids, a rapid and 
fairly accurate method is to fuse 1 gram of the ore with 
8 to 10 grams of potassium bisulphate (KHSO4) (fused), at 
a moderate heat : this converts most of the elements to 
soluble sulphates, and at the same time dehydrates the 
silica. The fusion is leached with water and the residue 
treated with hot ammonium acetate to dissolve sulphate 
of lead, then ignited and weighed. If barium is present 
the silica must be determined by loss after driving it oflf 
with hydrofluoric acid (HF), and sulphuric acid. 

Hem ARKS. — The following properties* of silica should 
be considered before a scheme for its determination in 
any particular case is adopted : 

On adding an excess of mineral acid to a solution con- 
taining a silicate free silicic acid containing indefinite 
amounts of water is formed, partially or entirely soluble. 
On evaporation water is removed and insoluble Si02 is 
separated, which may be filtered oflf after digestion with 

♦ E. Waller, Properties of Precipitates, S. of M. Quarterly, Vol. XII. 
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dilute acid ; HCl is the acid most frequently used. When 
nitric acid is used, regard must be had for the fact that 
certain nitrates, ferric, etc., are decomposed at the tem- 
perature of dehydration, 110 to 130** C, and are not 
readily reformed by dilute nitric acid. The heat is 
usually maintained until there is no perceptible odor 
of acid. The proper temperature for dehydration is 
120** C. except when sulphuric acid is used. In this case 
the evaporation is continued until copit)us fumes of SO3 are 
evolved. 

Solubility.— SilicQ, is dissolved by boiling or fusing 
with fixed alkalies, either carbonated or caustic. 

Insoluble in water and acids except hydrofluoric. 

Contaminants. — Lead sulphate (PbS04) ; barium sul- 
phate (BaSOi). In some cases calcium sulphate (CaSOO, 
and ferric sulphate (Fe2( 804)8); oxide of tin (SnOg); oxide 
of antimony (Sb204) ; oxide of titanium (TiOa) ; ferric oxide 
(Fe^Os) ; alumina (AI2O3) ; and basic salts. TiOa tends to 
hold phosphorus pentoxide (P2O5), alumina (AlaOs), and 
ferric oxide (FejOs), in the precipitate. To avoid error in 
such a case drive oflf the SiOa as silicon fluoride (SiF4), by 
HF and H2SO4 (to hold back TiOa). 

Ignition, — The precipitate is very light and fine, and 
readily carried oflf by the flame. After ignition the pre- 
cipitate will absorb moisture. Ignite at a high heat, and 
when nearly cold place in a desiccator until weighed. 

SULPHUR. Symbols. 

Sources. — Native sulphur, pyrites, and numerous 
other sulphides. 

Assay. — See methods in use for the determination of 
sulphur in coals and iron ores, pages 137 and 185. 
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For the determination of sulphur in sulphurets high in 
sulphur, such as pyrites, the following method may be used. 

Oladding^s Method* — Weigh out 1 gram of the dry 
and finely ground sample, place in a beaker, cover with a 
watch-glass, introduce 10 c.c. of bromine solution (pre- 
pared by dissolving 75 grams KBr in water, adding 50 c.c. 
of bromine, stirring, and diluting to 500 c.c), mix by 
rotating the beaker, and allow to stand for ten minutes in 
the cold; add 10 c.c. nitric acid, mix again, and allow to 
remain ten minutes longer in the cold. 

Next place the beaker on a water-bath containing cold 
water; heat slowly to boiling, and when the solution 
becomes quiet remove the glass-cover after rinsiug, and 
evaporate to dryness ; add 10 c.c. of hydrochloric acid, 
cover, and when violent action ceases remove cover after 
rinsing, and evaporate to dryness again ; add 1 c.c. cone, 
hydrochloric acid and 50 c.c. hot water, digest till solution 
is complete, filter, and wash with hot water. The filtrate, ' 
about 100 c.c, is now saturated with a slight excess of 
ammonia and allowed to stand for ten minutes. The pre- 
cipitated ferric hydroxide is filtered oflf and washed six 
times with boiling water. The filtrate is acidulated with 
hydrochloric acid in slight excess, heated to boiling, and 50 
c.c of barium chloride solution added, one drop per second, 
to the boiling liquid. The solution is allowed to stand 
overnight, filtered, the precipitate washed and ignited as 
usual. 

The precipitate of ferric hydroxide is also dissolved in 
hot dilute hydrochloric acid, heated to boiling and 10 c.c 
of barium chloride solution added. It is allowed to stand 

*T. 8. Gladding, J. Am. Chem. Soc., 1894. p. 408. 
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overnight and the barium sulphate thus obtained added 
to the main precipitate. 

ARSENIC. Symbol^AB. 

Sources. — ^The following minerals contain large quan- 
tities of arsenic: 

Realgar (AS2S2) 70.1 ^ As when pure 

Orpiment (AsaSs) 61.0'' " " 

Arsenopyrite (FeSajPeAsj) (mispickel) 46.0 " " •"' " 

Niccolite (JNiAs) ... Variable 

Enargite (CU3ASS4) lO.O^As " ** 

Cobaltite (CoAsS) 45.2*' '' '' " 

JSmaltite ( (CoNi)As2) Variable 

Proustite (AgsAsSs) 15.2 ^ As " 



(( 



Arsenic is also found to a limited extent in many other 
minerals, artificial arsenides or speiss, and in mattes. 

Assay.— The following method, devised by Dr. Pearce, 
has been found both rapid and accurate. It is a method 
of indirect titration, based upon the following facts: 
Nitrate of silver completely precipitates an alkaline arse- 
nate in a neutral solution, as Ag8As04 , soluble in nitric acid. 
Silver in a nitric acid solution is completely precipitated by 
NH4CNS, as AgCNS. Hence for each atom of silver found 
there must have been 4 atom of arsenic in the ore taken, or 
for 107.92 parts of silver 25.03 parts of arsenic. 

Solutions. — A standard solution of ammonium sulpho- 
cyanide containing about 8 grams to the litre. 

A lOj^ solution of ferric sulphate, or a saturated solu- 
tion of iron ammonia alum. 

An aqueous solution of silver nitrate. 
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Standardizing. — Dissolve two portioiis of silver of 
about 200 mgs. each in nitric acid 1.16 sp. gr., dilute to 
100 c.c. and add 5 c.c. of the indicator (ferric salt), run in 
ammonium sulphocyanide until a faint permanent red 
tinge is obtained. Duplicates should agree very closely. 
Calculate the standard of the. solution for silver and for 
arsenic. 

Assay. — Mix 0.25 to 1 gram of the ore with jfive times 
its weight of flux, made by mixing two parts of potassium 
nitrate (KNOa), and one of sodium carbonate (NoaCOs), and 
place in a porcelain crucible ; cover with a thin layer of 
potassium nitrate. Heat the crucible very gently, holding 
the lamp in the hand and playing the flame cautiously on 
the crucible; too rapid heating is attended with great 
danger of loss* from volatilization or deflagration. During 
the heating no odor or white fumes of arsenic should be 
given oflE. After the fusion has become quiet continue 
heating for several minutes, and rotate the crucible to 
ensure perfect fusion and oxidation. Cool and extract 
the fusion with hot water, Alter and wash three times 
with hot water. The arsenic is now in solution as alkaline 
arsenate. Add* a few drops of phenol-phthalein to the solu- 
tion and then acetic acid, carefully, until decidedly acid, as 
sliown by the absence of red color ; then boil until all car- 
bonic acid, etc., has been expelled ; allow to cool and 
neutralize by adding caustic soda until the indicator turns 
red ; then add acetic acid drop by drop until the color dis- 
appears. The solution is now ready for the precipitation 
of the arsenic. Add to the solution, which has been allowed 
to cool to the laboratory temperature, a slight excess of an 

* Bennet, J. Am. Chem. Soc, Vol. XXL, p. 431, 1899. 
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aqueous solution of silver nitrate and allow to stand until 
the precipitation of the brick-red silver arsenate is com- 
plete. Filter and wash with cold water until the washings 
are free from silver. 

Dissolve the precipitate through the filter with dilute 
nitric acid into a clean beaker, add a few c.c. of a saturated 
solution of ferric alum, and titi*ate with the standard solu- 
tion of ammonium sulphocyanide (NH4CNS). 

Remarks.— In ores where there is danger of volatiliza- 
tion ot arsenic before the flux melts it is well to melt a 
gram or two of potassium nitrate in the crucible before 
adding the rest of the charge. 

Some ores rich in sulphur and arsenic are best treated 
first by heating several times with a little strong nitric 
acid, then evaporating to dryness with an excess of caustic 
alkali, very carefully to prevent spattering. The residue is 
mixed with half the flux and the remainder is placed on 
top as a cover. After fusion, the melt is treated as already 
described. 

For other methods and comparative results see Beck 
and Fisher, School of Mines Quarterly, July, 1899. 

PHOSPHORUS. Symbol— V. 

Sources.— Apatite, Ca5(ClF)(P O^s , bones, and other 
phosphates. 

Assay. — For the determination of phosphorus in phos- 
phate rocks, fertilizers, etc., the reader is referred to the 
bulletins of the Association of Agricultural Chemists. 

For the gravimetric determination of phosphorus in 
iron ores see page 185. 

The following method for the determination of phos- 
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phorus in iron and steel is both rapid and extremely 
accurata 

Determination of PJiosphorus by Titration of the 
Yellow Precipitate after Reduction^ by KjMnaOg.* 

Reagents.— l&itric acid sp. gr. 1.18. 

Oxidizing permanganate solution, 12.5 grams per litre. 

Ferrous sulphate, crystallized, free from phosphorus 
(Baker and Adamson). 

Ammonia concentrated sp. gr. 0.9, dilute sp. gr. 0.96. 

Molybdate Solution.— Dissolve 100 grams MoOa in 400 
c.c. of ammonia 0.96, filter, and pour the solution with con- 
stant stiiTing into 1000 c.c. nitric acid 1.2 sp. gr. Warm to 
45^ and add 1 c.c. of a lOj^ solution of crystallized sodium 
phosphate, stir vigorously, and allow to stand in a warm 
place overnight before using. This is to precipitate any- 
thing which might contaminate the yellow precipitate, and 
to leave the solution saturated with the precipitate it is 
afterwards to form. 

Acid ammonium sulphate, 27.5 c.c, ammonia sp. gr. 
0.96, and 24 c.c. concentrated H2SO4 per litre. 

Permanganate for titration, 2 grams per litre, heated 
for 1 hour, then filtered through asbestos, standardized 
against both ferrous ammonium sulphate and ammonium 
oxalate. 

For ordinary work on pig irons, etc., the permanganate 
used for the titration of iron will answer every purpose. 

Jones Reductor.—K piece of heavy glass tubing 35 cm. 
long and having an internal diameter of 2 cm. is drawn out 
so one end will pass through the cork of a filtering-flask ; 
in the bottom is placed a perforated porcelain or platinum 

* Noyes and Royse, J. Am. Chem. Soc, Vol. XVII., p. 129. 
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plate covered with asbestos. This filter should oflfer suffi- 
cient resistance to make a reduction occupy from 2 to 3 
minutes. The tube is nearly filled with granulated zinc, 
about 40 mesh, which is washed with dilute sulphuric acid 
1 to 20. 

Blank determinations are made as follows : To 180 c.c. 
of water add 12 c.c. of ammonia 0.96 and 10 c.c. of concen- 
trated H2SO4. Connect the flask with an exhaust and pass 
the solution through the reductor ; follow it with 200 c.c. 
of water, taking care that no air passes through. Titrate 
with permanganate in the reductor-flask and subtract the 
amount used from the subsequent determinations. This is 
done to allow for the traces of iron always present in com- 
mercial zinc. The blank should not require more than 0.3 
c.c. of KaMnjOg. 

Determination in Pig Iron or Steel, 

Weigh out 2 grams of steel or from 1 to 2 grams of pig 
iron, place in a 600-c.c. flask ; add 50 c.c. HNOs 1.18 sp. gr., 
and warm gently till the solution is complete ; then boil 
for one minute, and add 10 c.c. of the permanganate solu- 
tion;* boil till tlie pink color disappears; add ferrous sul- 
phate in powder till the solution clears ; cool to about f)0° 
C. and add 8 c.c. ammonia sp. gr. 0.9 ; insert a rubber 
stopper and shake till the precipitate of ferric hydrate and 
phosphate dissolves ; cool or warm the solution until it is 
as many degrees above or below 60° as the molybdate 
solution is below or above 27° C. (when mixed the tem- 
perature will be about 45°). Add 60 c.c. of molybdate 
solution, insert the stopper, wrap up in a towel to pre- 
vent cooling, and shake vigorously for five minutes ; 
allow to settle for five minutes, and filter through a 9-cm. 
paper. Wash from the top with acid ammonium sulphate 

* 12.5 grammes per liter. 
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solution until 6 c.c give no brown color with H2S water 
(showing complete removal of molybdate). Pour over the 
precipitate 12 c.c. of ammonia 0.96 diluted to 25 cc; allow 
the solution to run into the precipitation-flask. Wash with 
100 c.c. of water ; add 80 c.c. more water and 10 c.c. of cone* 
HgSO* (with a pig iron very high in phosphorus more sul- 
phuric acid may be required). Pass the solution through 
the reductor ; follow it with 200 c.c. of water, taking care 
that no air passes through the reductor during reduction 
or washing. Titrate the solution at once in the reductor- 
flask. 

Reactions and CalcvZations. — In the yellow precipitate 
of ammonium phosphomolybdate the ratio is 12 MoOsto IP, 
or as 1728 : 31. The action of the reductor is 
2M0O8 + 3H2 = MoaOs + 3HaO ; 
the reaction with permanganate is 
BMoaOa + SKjMnjOg + 9H2SO4 

= 10 MoOs + 3K2SO4 + 6MnS04 + SHjO. 

3K2Mn208 correspond to lOMoOs- 

SKaMnjOs " *' 30Fe. 

Hence, Fe standard : MoOs standard :: 30Pe : lOMoOg, 
or as 1680 : 1440, or as 7 : 6. 

The P standard : MoOg standard :: 31 : 1728. Hence, P 
standard is | of 1.794j^ of the Fe standard, or Fe standard 
multiplied by 0.01538. 

This method can be used for phosphorus in an iron ore 
after the dehydration of the silica. Dissolve the precipi- 
tate of ferric hydroxide, etc., in nitric acid, add am- 
monia, and proceed exactly as with a steel. 

The method as described gives perfectly accurate results 
with steel. With pig iron it is preferable to filter off the 
silica and graphite, and in some cases necessary to add 
more than 8 c.c. of ammonia. 
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SCHEME FOR THE DETERMINATION OF SILICA 

(SiOa), SULPHUR (S), AND PHOSPHORUS 

(P), IN AN IRON ORE. 

' Weigh out from 3 to 4 grams of finely ground ore, boil 
with 40 C.C. concentrated HCl and 5 c.c. cone. HNO3 in a 
beaker as long as any solution takes place, dilute and 
'filter; wash the residue once with dilute hydrochloric 
acid. Place the filtrate in a casserole to evaporate. Bum 
the paper containing the residue in a platinum crucible, 
add about six times its weight of KNaCOs and a crystal of 
NaNOs; mix thoroughly, and fuse for about one hour 
over a Bunsen burner, and then over a blast-lamp. Allow 
the melt to cool and remove from the crucible in a cake if 
possible. Transfer to a casserole and cover with concen- 
trated HCl, regulate the rate of solution by adding water, 
heat to boiling, and boil till everything has dissolved 
except perhaps some white hydrated silica. There should 
be no dark or gritty particles left on the bottom of the 
casserole ; these show incomplete decomposition of the ore 
and have to be refused. 

If the fusion is satisfactory add its solution to the first 
solution of the ore (which has been evaporating) and evap- 
orate to dryness ; when nearly dry stir so as to granulate 
the mass and present a large surface for dehydration. 
Place in an air-bath and heat at 120*' C. until all hydrochloric 
acid (HCl), is driven out. Should the ore be very silicious 
this treatment must be repeated after treating or moisten- 
ing again with HCL 

Moisten with 10 c.c. concentrated HCl and heat to dis- 
solve the basic salts of iron, etc. ; then dilute with water and 
heat to boiling, filter out the silica, and wash with dilute 



186 IRON ORE. 

HCl, then with hot water, until the washings show no chlo- 
rides. Ignite the silica at a high heat, cool, and weigh. 

To make sure of the purity of the silica drive it off by 
hydrofluoric acid and a few drops of sulphuric acid to hold 
back any titanium present. Should there be any residue 
it may be neglected unless it is BaSOi , in which case it 
must be fused with NaKCOs, the fusion extracted with 
water, filtered, and the filtrate kept separate for the deter- 
mination of sulphur. 

To the main solution add at once a decided excess of 
ammonia ; heat, and filter ; wash the precipitate very thor- 
oughly with boiling water, stirring up the mass each time. 

Filtrate. — To the filtrate add the solution containing 
sulphur from the BaSO* if present, acidify with HCl, heat 
to boiling, and while still boiling add gradually from 6 to 8 
c.c. of boiling BaClj solution previously diluted with water ; 
continue boiling for five minutes, filter, wash, and weigh 
the BaSOi as described on page 138. 

Precipitate. — Transfer as much as possible of the pre- 
cipitate to a beaker and place it under the funnel, pour 
through the paper hot dilute nitric acid till all ferric 
hydrate, etc., is dissolved, allowing it to run into the beaker 
containing the bulk of the precipitate, add more nitric acid 
if necessary and heat till all the precipitate has dissolved, 
nearly neutralize the nitric acid with ammonia, add 10 
grams of ammonium nitrate and 50 c.c. of molybdate solu- 
tion, transfer to a flask and shake for five minutes at a tem- 
perature of 40° C, allow to stand for ten minutes and filter ; 
wash with H HNO3 and 10^ NH4NOS till HjS gives no 
brown coloration to the washings. Dissolve the precipitate 
in dilute ammonia (1 to 4), add HCl to acid reaction, then 
ammonia till slightly alkaline, cool the solution, and if not 
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absolutely clear, filter, then add slowly drop by drop 10 c.c. 
of magnesia mixtare, agitate the solution, and set aside in 
a cool place. When the precipitate of MgNB^POi, 6H2O 
lias formed, add an excess of ammonia and allow to stand 
for three hours, then filter, wash with very dilute ammonia, 
dry the precipitate, separate it from the paper, bum the 
paper with the addition of nitric acid, add the precipitate^ 
ignite strongly, and weigh the Mg^%Of. 



PART rv. 

LABORATORY TESTS ON ORES. ASSAY, BLOW- 
PIPE, AND QUALITATIVE SCHEMES. 



MECHANICAL ASSAY FOR GOLD. 

Crush 4 to 6 pounds of the sample, and pulverize in a 
mortar until it will pass through a 40 or 60 mesh sieve ; then 
wash in a " Batea," which is a conical pan, about 20 inches 
in diameter and 2^ in depth ; or in a Russia sheet-iron pan. 
The latter should be 18 to 20 inches at the top, 14 inches at 
the bottom, and sides 5 inches, sloping at an angle of 30*" to 
40°. The material to be washed should first be stirred up 
with water in the pan, and the sand and dirt removed by a 
slight circular jigging motion, the operation being con- 
ducted under water, to hold which a small tub will be 
found convenient for laboratory purposes. The gold and 
heavier particles of the ore will collect in the bottom of the 
pan, and can sometimes be separated by drying, and then 
blowing oflf the sand, better than by continued washing. 
A magnet may prove of service here. If the ore is very 
poor, a '' color " of gold only may be visible at the end of 
the operation. 

AMALGAMATION ASSAY. 

Grind from 2 to 5 lbs. of ore to 80 mesh, sample, and 
assay. Place 6 or 8 A.T. in an iron mortar with a little 
water and a spoonful of clean mercury and grind with an 
iron pestle for from 2 to 3 hours, adding more water and 
a little more mercury from time to time. 

The consistency of the mass must be such that the 
globules of mercury do not sink, but are broken up into 

191 
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very fine particles. A little sodium amalgam dissolved in 
the mercury prevents flouring. The grinding is continued 
till the particles are impalpably fine. When the amalga- 
mation is complete more water is added to reduce the 
mass to a thin pulp, and the stirring continued till the 
mercury settles to the bottom.' The contents of the mortar 
are then washed down in a pan, the mercury collected, 
dried, distilled (see page 88), and the precious metals ob- 
tained by scorification, cupellation, etc. 

In the case of a low-grade ore grind successive por- 
tions of ore with the same mercury to get sufficient gold 
to handle and to give a better average. 

The tailings must be saved, dried, and assayed, and the 
apparent extraction checked by the gold and silver re- 
covered. 

Remarks. — In place of the iron mortar given as the 
simplest fonn of apparatus an ^amalgamated copper pan 
or a small model amalgamation-pan may be conveniently 
used. 

CHLORIDIZATION ASSAY FOR SILVER. 

To determine the percentage of chloridization weigh 
out two samples of the chloridized ore or ''pulp," each j\ 
A.T. Scorify one with 30 gms. of lead, and cupel. Place 
the second sample in a filter-paper and wash with a strong 
solution of hyposulphite of soda in water (two pounds to 
the gallon) until all the chloride of silver in the " pulp" 
has been dissolved. This can be determined by adding a 
drop of a solution of sulphide of sodium in water to a test 
sample of the filtrate. When no black precipitate or 
brown color is formed, the chloride of silver is all dis- 
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solved, and the desired point has been reached. Wash 
the residue with pure water, dry, and bum the filter in a 
dish or scoop in the cupel muffle. Mix the ashes with 30 
gms. of pure lead, scorify, and cupel. The calculation can 
best be shown by an example : 

The *'pulp" untreated gave 208 ounces, the "pulp" 
treated gave 14 ounces of silver per ton still remaining 
in the ore unchloridized. Hence to determine the 
percentage of silver chloridized, form the proportion 
208: (208 -14) :: 100: a?. 

Where sulphate of silver is present a third sample 
leached with hot water should be run in addition to the 
two given above, the residue being assayed in the same 
way. By treating three samples the amount of silver 
present as sulphate, the amount contained as chloride, and 
the total silver can be determined. 

In the West nearly all silver-reducing works make 
these assays every day, as the amount of chloridized silver 
is all that can be extracted by amalgamation. 

Remarks.— This method is sufficiently accurate to 
check the chloridization of the ore, and with proper care 
duplicate assays are unnecessary. 

The operations of scorification and cupellation are con- 
ducted as already described under the head of Silver Ores. 

The success of the process depends upon the care taken 
in washing. 

If the ore is low grade larger amounts must be used. 

As both sulphate and chloride of lead are somewhat 
soluble in ''hypo" solution, sodium sulphide may give a 
black precipitate after all the silver chloride has been 
leached out. 
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CHLORINATION ASSAY FOR GOLD. 

The object of this assay is to determine the probable ex- 
traction of gold by the chlorination process ; it may for 
convenience be divided into the following steps : 

(1) Assay the original ore. 

(2) Boast a weighed quantity. 

(3) Extract the gold by chlorine. 

(4) Dry and assay the tailings. 

(5) Recover the gold dissolved. 

(1) Assay 2 A.T. of the ore by any suitable crucible 
method. 

(2) It may be necessary to determine the loss of gold in 
roasting. If this is to be done weigh out from 12 to 16 A.T. 
ot the ground ore and roast in a pan or muffle to a " dead 
roast." Weigh the roasted ore and assay it by crucible 
method ; calculate the results to ounces per ton of the raw 
ore and note loss, if any, in roasting. 

(3) Weigh out an amount of the roasted ore corre- 
sponding to 10 A.T. of the raw ore, mix this in a mortar 
with 10 grams of dry bleaching-powder, then transfer to a 
strong glass bottle of sufficient size, add warm water, and 
agitate the mixture until it is the consistency of thin mud. 
This should not fill the bottle more than half full. Add 10 
grams of concentrated sulphuric acid previously diluted to 
100 c.c. Place a rubber stopper in the bottle, provided with 
a hole through which passes a short piece of glass rod ; this 
will be blown out before the bottle breaks, and so act as a 
safety-valve. Tie down the cork, wrap the bottle in a towel, 
and agitate at intervals for from 4 to 5 hours. At the end 
of that time remove the cork, and if there is no smell of 
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chlorine add 10 grams more of bleaching-powder and of 
sulphuric acid, and agitate again for from 4 to 5 hours. If 
the excess of chlorine is quite strong at the end of the first 
five hours, add from 3 to 5 grams of bleaching-powder and 
the same weight of concentrated sulphuric acid instead of 
ten grams of each. 

At the end of the second period remove the stopper 
again and test for free chlorine by smell or by white fumes 
with ammonia. To ensure the maximum extraction there 
must be free chlorine at the end of the operation. 

If the chlorine is in excess, add more water and pour 
the pulp on a large filter, wash with hot water until free 
from chlorides. 

(4) Dry the residue in an air-bath and weigh, as there 
will be a loss in weight which must be considered. Assay 
from 2 to 4 A. T. in the usual way for gold. 

(5) Heat the filtrate containing gold chloride, etc., until 
all free chlorine is expelled, precipitate the gold by warm- 
ing with ferrous sulphate or iron filings, filter out the 
precipitated gold, scorify, cupel, and weigh as usual. 

Remarks. — In the method given the 20 grams of bleach- 
ing-powder should give an excess of chlorine with any 
ordinary ore. If the assay has shown a satisfactory ex- 
traction, it must be followed by a series of tests using 
different quantities of bleaching-powder to determine the 
most economical amount. Tests should also be made to 
determine the proper time for leaching. In some cases 
comparative tests should be made on the roasted and raw 
ores to see whether or not the increased extraction will pay 
for roasting. 
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- BROMINE EXTRACTION TEST. 

The use of bromine for the extraction of gold is of 
considerable practical importance; the greatest objection 
has been the offensive and injurious effects of the bromine 
vapors. This objection seems to be removed by the use of 
an alkaline bromine solution containing sodium bromate 
and bromide which on coming in contact with the acidi- 
fied ore yields bromine according to the reaction 

NaBrOa + 5NaBr + SH^SO* = 3Na,S04 + SH^O + 6Br, 

thus giving free bromine in intimate contact with the ore. 
This and many improvements, for the recovery of the 
excess of bromine, have been made recently. (See Cassel- 
Hinman Gold Extraction Process, Patented.) 

In testing the extraction of gold by bromine (the silver 
is left as insoluble silver bromide), the imi)ortant points to 
be ascertained are : 1st, the percentage of extraction ; 2d, 
the amount of bromine consumed per ton of ore ; 3d, the 
rapidity of extraction. The following plan has been 
found satisfactory : Place in a flask 4 A. T. of the ground 
ore (roasted if necessary) and 100 c.c. of water saturated 
with bromine, stopper, and agitate at intervals for two 
hours. If the bromine should be nearly all absorbed by 
the ore, indicating an enormous consumption, add suffi- 
cient pure bromine to leave a considerable excess at the 
end of the operation. Filter on a large paper and wash 
thoroughly with boiling water (to dissolve any lead bro- 
mide) ; boil the filtrate to expel all free bromine. This 
filtrate now contains all the soluble bromides from four 
assay tons of ore ; determine the bromine by means of 
ailver nitrate either by titration with a standard solution 
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or by weighing the silver button obtained by scorifying 
the precipitate of silver bromide with test lead and cupel- 
ling. The number of milligrams of bromine so found 
divided by 68.33 will give the number of pounds of bro- 
mine consumed by one ton of ore. 

The bromine boiled out is considered recoverable; that 
present as silver bromide neglected. A comparison of the 
results obtained from this test with others in which the 
time is less will furnish a basis for judging the rapidity 
of the action of bromine on the ore. 

The percentage of extraction of the gold is determined 
by assaying the ore before and after treatment. 

POTASSIUM CYANIDE EXTRACTION TEST. 

The cyanide process is of great and growing importance 
for many low-grade ores and tailings, and laboratory tests to 
determine the action of cyanide on such material are often 
necessary. When the metallic gold is present in particles 
of considerable size, it should be preceded by amalgamation. 

The points to be determined are: 

(1) Maximum extraction. 

(2) Strength of solution or solutions to be used. 

(3) Consumption of potassium cyanide. 

(4) Actual yield of gold and silver. 

Grind several pounds of the ore to 30 or 40 mesh. 
Assay 2 A.T. of the ore in duplicate for gold and sUver. 

(1) Weigh out three portions of ore of 4 A.T. each. 
Place one in a bottle, add 126 c.c. of i^ cyanide solution, 
revolve the bottle or agitate occasionally for six hours. If 
the bottle is not filled more than half fuU, it may be 
corked, as there will be suflBcient air present to furnish 
oxygen for the reaction. 

Put the second portion in a beaker and leach with 
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water, test the washings with litmus to see whether they 
are acid or not, transfer ore to a bottle and treat the same 
as the first portion. 

If the washings from the second portion were acid, to 
the third portion add water and agitate, then add lime to 
faint alkaline reaction and leach, wash and then treat with 
KCN as described. At the end of six hours filter and 
wash the pulp from each, then dry and assay the tailings. 
The method giving the most economical extraction is to be 
followed in the next tests. 

(2) Wash or neutralize the ore if found advisable, and 
treat three portions with solutions containing 0.3, 0.2, and 
0.15^ KCN. Then try a very weak solution (0.1^), followed 
by the solution giving best extraction. 

(3) Save the filtrate and washings from the two best 
tests, make them up to an even bulk and divide in half. 
Titrate half of each with a standard solution of nitrate of 
silver until a permanent white cloud is formed. 1 AgNOs 
corresponds to 2 KCN. 

The reaction is as follows : AgNOg + KCN = AgCN + 
KNOs, AgCN + KCN = KAg(CN),. When the AgNOs is in 
excess, we have K AgCCN)^ + AgNO, = 2Ag(CN)2 + KNO3 . 

It is best at the same time to titrate 50 c.c. of the origi- 
nal cyanide solution to determine the amount of cyanide 
actually present. 

In these titrations a few c.c. of a solution of potassium 
iodide are sometimes added to give a more distinct end 
reaction. After all the cyanide has been converted into 
double cyanide of potassium and silver the next addition 
of silver nitrate gives a precipitation of yellow silver 
iodide (Agl). 

(4) Agitate the remaining halves of filtrates with zinc 
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shavings until the gold and silver are precipitated, decant, 
wash the gold, silver, and zinc, dissolve the excess of zinc 
in dilute hydrochloric acid, wash, dry, add lead, cupel, 
weigh, and part the gold and silver. 

For further information on this subject see Rose, Met- 
allurgy of Gold ; Eissler on the Cyanide Process ; Wilson, 
Cyanide Processes ; Lodge, Trans. Am. Inst Mining Engrs., 
Oct., 1895; Christy, Trans. A. I. M. E., vol. ?6, pp. 735, 
772; Purman, Trans. A. I. M. E., vol. 26, pp. 721, 734. 

RUSSELL PROCESS EXTRACTION TEST.* 
This process is extensively used for silver ores. It con- 
sists in leaching the ore, ground to from 20 to 40 mesh and 
usually roasted with salt, with solutions of sodium thiosul- 
phate, "hypo," and sulphate of copper; then precipitating 
the precious metals with sulphide of sodium. 

Two sets of tests should be made, one on the raw ore, 
the other on the ore after roasting alone or with from 6 to 
15^ of salt. 

Assay the ore,— this is usually done by scorification,— 
then roast a portion with salt and weigh. Make up a 
solution containing 200 grams of crystallized copper sul- 
phate per Utre (this is called ''blue" for the sake of 

brevity). 

Weigh out portions of the ore of i A.T. each and place 
in beakers of 300 e.c. capacity, and treat as follows : 

a. Leaching Tests for Raw Ores and for Tailings.— 
(1) Add 250 c.c. cold water and 20 gms. hypo ; let stand 
12 to 16 hours cold ; decant ; add 25 c.c. blue ; dilute to 300 

• The Russell Process, Daggett, Trans. A. I. M. E., Feb., 1888. 
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CO. with cold water; let stand 12 to 16 lionrs cold ; add 20 
gms. liypo ; let stand 16 hours cold ; filter and wash. 

(2) Add 250 c.c. cold water and 20 gms. hypo ; let stand 
12 to 16 hoars cold ; add 20 gms. hypo and 25 c.c. bine ; let 
stand 12 to 16 honrs cold ; filter and wash. 

(8) Add 100 c.c. cold water and 26 c.c. blue ; let stand 
12 to 16 hours cold ; dilute to 300 c.c. with cold water ; add 
20 gms. hypo ; let stand 12 to 16 hours cold ; filter and 
wash on filter with hot hypo solution. 

(4) Add 100 c.c. cold water and 25 c.c. blue ; let stand 1 
hour cold ; add 200 c.c. cold water and 20 gms. hypo ; heat 
to about 55° C; filter and wash. 

(5) Add 250 c.c. cold water and 25 c,c. blue ; let stand 
1 hour cold ; add 20 gms. hypo ; heat on sand bath to 
about 55*^ C; decant ; add 200 c.c. cold water and 25 c.c. 
blue; let stand 1 hour cold; add 20 gms. hypo, heat, 
filter, and wash. 

(6) Add 200 c.c. cold water and 90 c.c. blue ; let stand 
one half hour cold ; add 90 gms. hypo ; heat to about 65^ 
C.; filter and wash. 

(7) Add 250 c.c. cold water and 25 c.c. blue; heat to 
about 55° C; decant; add 20 gms. hypo and 25 c.c. blue ; 
dilute to 300 c.c. with cold water; heat to about 55° C; 
filter and wash. 

(8) Add 200 c.c. hot water and 90 c.c. blue ; let stand 
one half hour; add 90 gms. hypo; heat to about 65° C; 
filter and wash. 

b. Leaching Tests on Roasted or Chloridized Ores, 
Mattes^ or Tailings.~{l) No washing; add 50 c.c. cold 
water and 25 c.c. blue ; let stand 2 hours cold ; dilute to 
300 c c. with cold water ; add 20 gms. hypo ; let stand 2 
hours cold ; filter and wash. 
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(2) No washing ; add 250 c.c. cold water and 25 c.c. 
blue ; let stand 12 to 18 hours cold ; add 20 gms. hypo ; let 
stand 12 to 18 hours cold ; filter and wash. 

(3) No washing; add 250 c.c. cold water and 25 c.c. 
blue ; let stand 2 hours cold ; add 20 gms. hypo ; let stand 
2 hours cold ; filter and wash. 

(4) Wash with cold water ; add 25 c.c. blue ; dilute 
to 300 c.c. with cold water ; let stand 12 to 18 hours cold ; 
add 20 gras. hypo ; let stand 12 to 18 hours cold ; filter 
and wash on filter with hot hypo solution. 

(5) No washing ; add 260 c.c. cold water and 26 c.c. 
blue ; let stand 1 hour cold ; add 20 gms. hypo ; heat to 
about 55° C; decant ; add 250 c.c. cold wat^r and 25 c.c. 
blue ; let stand 1 hour cold ; add 20 gms. hypo ; heat to 
about 55° C. ; filter and wash. 

(6) Wash with hot water ; add 200 c.c. hot water and 
90 c.c. blue; let stand one-half hour ; add 90 gms. hypo ; 
heat to about 66° C; filter and wash. 

(7) Wash with hot water ; add 90 c.c. blue ; let stand 
one half hour ; add 90 gms. hypo ; dilute to 300 c.c. ; heat 
to about 66° C. ; filter and wash. 

(8) Wash with hot water ; add 20 gms. hypo ; let stand 
(with residue of wash- water, about 30 to 40 c.c.) 1 hour; 
add 25 c.c, blue; dilute to 300 c.c. with cold water ; heat 
to about 65° C; filter and wash. 

Remarks. — These tests have been found necessary to 
thoroughly test the utility of the Russell process for an ore 
The yield in actual practice often varies Irom that obtained 
in a laboratory test. The solutions used in practice are 
much weaker. Sometimes the ''hypo" and ''blue" are 
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mixed before placing on the ore, to form the so-called 
''extra" solution. 

In all cases the tailings are dried, assayed, and the per- 
centage of extraction of both gold and silver calculated. 
The percentage of salt and time of cooling will vary with 
the ore and have a decided effect upon the chloridization 
and subsequent extraction. 

For further information see Lixiviation of Silver Ores 
with Hyposulphite Solutions, with special reference to 
the Russell process, Carl A. Stetefeldt, Oakland, Cal. 

OUTLINE SCHEME FOR THE ASSAY OF ORES. 

The ore may contain gold, silver, lead, antimony, bis- 
muth, tin, mercury, zinc, platinum, copper, iron, nickel, 
cobalt, sulphur, arsenic, tellurium, selenium, etc. Re- 
quired to determine gold, silver, and useful metals. 

a. Inspect with magnif ying-glass. Test with blowpipe. 
Sample, pulverize, and sift. If scales remain on sieve, test 
with magnet, as they may come from mortar ; if not mag 
netic, weigh residue and siftings, and assay separately. 
Calculate value as directed, page 104. 

h. Treat scales by scoriflcation for gold and silver. For 
other metals treat as an alloy by wet methods. 

c. Charge : ore 10 gms., cyanide of potassium 40 gms., 
in No. 6 crucible, and fuse in a quick fire ; cool, break, 
and weigh. The button may contain lead, antimony, bis- 
muth, copper, tin, iron, etc. Test by blowpipe. If lead, 
see page 64. If tin, antimony, or bismuth, duplicate by 
cyanide fusion. If iron, run charges for unknown ores, 
page 76. If tin is present, it will not be necessary, as a 



SCHEME FOR THE ASSAY OF OBES. 203 

rule, to look for other metals. The button from the cyanide 
fusion should, however, be treated as an alloy. 

d. Run preliminary assay (see page 92); weigh lead 
button to determine reducing power (R. P.) ; cupel the 
lead button to determine approximate richness of ore. 
Notice the color of cupel, to decide as to presence of 
copper. The reducing power may be : 

No. 1. No reducing power. The ore is therefore free 
from sulphurets, arsenic, antimony, etc. 

(a) If the preliminary assay has shown it to be rich in 
silver, run by scorification assay, using \ A.T. ore, 40 
grams test-lead, and borax glass to suit the gangue. 

(6) If poor in silver, run by crucible assay. Ore, 2 
A.T.; litharge, -2 A.T.; soda, 2 A.T.; argol from 2 to 4 
grams ; borax glass, 10 grams ; silica, from to 2 A.T., 
depending on the gangue ; salt cover. 

No. 2. Reducing power low, lead reduced by 6 grams 
of ore from to 8 grams. 

(a) Rich in silver, scorification assay. Ore, \ A.T. ; test- 
lead, 50 grams ; borax glass as required. 

(J) Poor in silver, crucible assay. Ore, 1 or 2 A.T. ; 
PbO, 2 A.T.; soda, 2 A.T.; borax glass, 10 grams; silica, 
from to 2 A.T.; salt cover, and nitre or argol as calcu- 
lated from result of preliminary assay. Or run several 
scorifications, combine the lead buttons, and rescorify 
before cupellation. 

No. 3. Reducing power high, lead reduced by 5 grams 
of ore more than 8 grams. 

The ore probably contains large quantities of sulphur, 
arsenic, antimony, etc. 

(a) Rich in silver, scorification assay. Ore, \ or i^^ A.T.; 
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test-lead, 60 grams ; borax glass as required. It may be 
advantageous to roast the ore first in the scorifier. 

(b) Poor in silver, crucible assay. Roast 2 A.T., then 
add litharge, 3 A.T.; soda, 2 A.T.; silica, from 1 to 2 J A.T.; 
borax glass, 10 grams ; argol, from 2 to 4 grams ; salt 
cover. Or ore, 1 A.T.; litharge, 2 A.T.; soda, 1 A.T.; nitre 
calculated to give a button of 18 grams ; silica, 1 A.T.; 
salt cover. 

See special charges given on page 106. 

€. If button freezes in process of cupellation, the fur- 
nace being hot, and the cupel unsaturated, copper, cobalt, 
nickel, tin, or platinum may be present ; cupel dark brown 
or red after cupellation, probably copper. 

1. Determine cobalt, nickel, and copper by arsenide 
method, page 84. 

2. For platinum treat button as an alloy, page 131. 

3. Tin : run special assay, section c, 

/. If the preliminary blowpipe test indicates the pres- 
ence of mercury, zinc, or tellurium, etc., the ore should be 
run by scorification method for gold and silver. For ores 
containing mercury the heat should be very low at first, 
and increased gradually. For tellurides, see page 107. 

The zinc and mercury may be determined by the 
methods given on pages 153 and 87; or, if the ores are 
impure, by gravimetric methods. 

Remarks. — The above scheme is designed as a guide 
for beginners. The experienced mineralogist and assayer 
will generally be able to determine the character of the ore 
by inspection, and select his method. 
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BLOWPIPE APPARATUS AND REAGENTS. 

The following list includes the apparatus and reagents 
essential for ordinary qualitative blowpipe work : 

Set of three porcelain dishes. 

Diamond steel mortar. 

3 pairs of forceps, 1 platinum-pointed, 1 ordinary steel, 
1 heavy steel. 

Steel chisel and magnet. 

2 charcoal-borers, 1 four-cornered with spatula, 1 club- 
shaped. 

Pair lamp scissors. 

I wire-holder with five platinum wires. 

Plattner's blowpipe lamp with swivel, nickel-plated. 

Charcoal-saw. 

Matrass-holder. 

Nickel-plated Plattner's blowpipe with platinum tips. 

Steel hammer. 

Set of moulds and stamps for cupels. 

Pair steel nippers. 

Double pocket-lens. 

Camel' s-hair brush. 

Dropping-pipette. 

Ivory spoon. 

1 dozen matrasses. 

Alcohol lamp with nickel-plated top. 

Chamois-skin. 

6 glass tubes. 

1 dozen pieces square-cut charcoaL 

6 pieces plaster for coats. 

Porcelain plate for streaks. 
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Metal tray for coal. 

Metal tray for ashes. 

6 small watch-glasses. 

Miidng-scoop. 

18 reagent-bottles in a frame, filled with the following 
reagents: Test-lead, tin granulated, i)hosphorus salt, 
borax powdered, borax glass, boracic acid fused, Plattner's 
flux, bismuth flux, boracic acid, sodium carbonate, salt, 
sodium nitrate, charcoal, bone-ash sieved, bone-ash 
washed, copper oxide, potassium bisulphate. 

Also, small glass-stoppered bottles containing cobalt 
nitrate, hydrochloric acid, and nitric acid. 

Cost with a mahogany case about $40.00. 

Remarks. 

To clean a dirty platinum point, hold it in the flame of 
the alcohol lamp with the platinum-pointed forceps. 

To clean platinum wires, heat, and plunge into muriatic 
acid while hot. 

To break small pieces of mineral, wrap in paper, tin- 
foil, or cloth before hammering. 

To trim the wick of blowpipe lamp, cut even with the 
lamp and raise with one point of the steel forceps ; never 
pull the wick up with the forceps. 

To light the usual blowpipe lamp where a heavy oil is 
used, direct the flame of an alcohol lamp against the wick 
tmtil it ignites. 
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BLOWPIPE TESTS.* 

In the following test the details of ordinary manipula- 
tions, such as obtaining beads, flames, coatings, and subli- 
mates, are omitted and the results alone stated ; unusual 
manipulations are described. The bead tests are supposed 
to be obtained with oxides ; the other tests are in general 
true of aU compounds not expressly excluded. The course 
to be followed in the case of interfering elements is briefly 
stated. 

Aluminum, Al. 

With Soda. — Swells and forms an infusible compound. 

WitJi Borax or S. Ph. — Clear or cloudy, never opaque. 

With Cobalt Solution.^ — Fine blue when cold. 

Ammonium, NH^. 

In Closed Tube.— EYolution of gas with the character- 
istic odor. Soda or lime assists the reaction. The gas 
(NHs) turns red litmus-paper blue and forms white clouds 
with HCl vapor. 

Antimony, Sb. 

On Coal, ^.i^l:]:— Volatile white coat, bluish in thin 
layers, continues to form after cessation of blast and 
appears to come directly off the mass. 
With Bismuth Flux : 

On PZa^^er.— Peach-red coat, somewhat mottled. 
On Coal. — Paint yellow or red coat. 

♦Mineralogy, Crystallography and Blowpipe Analysis by Moses and 
Parsons. 

f Certain phosphates, borates, and fusible silicates become blue in absence 
of alumlDa. 

X This coat may be further tested by S. Ph. or flame. 
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In Open Tube. — Dense, white, non-volatile, amorphous 
sublimate. The sulphide too rapidly heated will yield 
spots of red. 

In Closed Tube. — The oxide will yield a white fusible 
sublimate of needle crystals ; the sulphide, a black subli- 
mate, red'when cold. 

Flame. — Pale yellow-green. 

With S. PA.— Dissolved by O. P. and treated on coal 
with tin in R. P. becomes gray to black. 

INTERFERING ELEMENTS. 

Arsenic. — Remove by gentle O. P. on coal. 

Arsenic with Sulphur. — Remove by gently heating in 
closed tube. 

Copper.— The S. Ph. bead with tin in R. P. may be mo- 
mentarily red, but will blacken. 

Lead or Bismuth. — Retard formation of their coats by 
intermittent blast or by boracic acid. Confirm coat by flame, 
not by S. Ph. 

Arsenic, As. 

0?i Smoked Plaster. — White coat of octahedral crystals. 

On Coal, — Very volatile white coat and strong garlic 
odor. The oxide and sulphide should be mixed with soda. 

With Bismuth Flux : 

On Plaster. — Reddish orange coat, made yellow by 

(NH4)aS. 
On Coal —Paint yellow coat. 

In Open Tube. — White sublimate of octahedral crystals. 
Too high heat may form deposit of red or yellow sulphide. 

In Closed Tube.—M^j obtain white oxide, yellow or 
red sulphide, or black mirror of metal. 

Flame. — Pale azure blue. 
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INTERFERING ELEMENTS. 

Antimony. — Heat in closed tube with soda and char- 
coal, treat resulting mirror in O. F. for odor. 

Cobalt or Nickel, — Fuse in O. F. with lead and recognize 
by odor. 

Sulphur. — (a) Red to yellow sublimate of sulphide of 
arsenic in closed tube. 
(6) Odor when fused with soda on coal. 

Barium, Ba. 

On Coal with Soda. — Fuses and sinks into the coal. 

FlaToe. — Yellowish green, improved by moistening 
with HCl. 

With Borax or S. Ph. — Clear and colorless, can be 
flamed opaque white. 

Bismuth, Bi. 

On Coal. — In either flame is reduced to brittle metal 
and yields a volatile coat, dark orange yellow hot, lemon- 
yellow cold, with yellowish- white border. 
With Bismuth Flux: * 

On Plaster. — Bright scarlet coat surrounded by 
chocolate-brown, with sometimes a reddish border. 
The brown may be made red by ammonia, f 
On Coal. — Bright red coat with sometimes an inner 

fringe of yellow. 
With S. PA.— Dissolved by O. F. and treated on 
coal with tin in R. F. is colorless hot, but blackish 
gray and opaque cold. 

* Sulphur 2 parts, potassium icdide 1 part, potassium bisulphate 1 part. 
t May be obtained by heating S. Ph. ou the assay. 
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INTERFERING ELEMENTS. 

Antimony. — Treat on coal with boracic acid, and treat 
the resulting slag on plaster with bismuth flux. 
Lead. — Dissolve coat in S. Ph. as above. 

Boron, B. 

All borates intumesce and fuse to a bead. 

i^^am^.— Yellowish green. May be assisted by (a) 
moistening with H2SO4 ; (&) mixing to paste with water 
and boracic acid flux (4i pts. KHSO4, 1 pt. CaP2) ; (c) by 
mixing to paste with H2SO4 and NH4P. 

Bromine, Br. 

With 8. Ph. Saturated with CuO. — Treated at tip of 
blue flame, the bead will be surrounded by greenish-blue 
flames. 

In Matrass with KHSO^, — Brown choking vapor. 

INTERFERING ELEMENTS. 

Silver.— ThQ bromide melts in KHSO4 and forms a 
blood-red globule which cools yellow and becomes green in 
the sunlight. 

Cadmium, Cd. 
On Coal R. i^.— Dark brown coat, greenish yellow in 
thin layers. Beyond the coat, at first part of operation, 
the coal shows a variegated tarnish. 

On Smoked Plaster with Bismuth i^'^t^.— White coat 
made orange by (NH4)2S. 

With Borax or S. Ph.—O. P. Clear yellow hot, color- 
less cold, can be flamed milk-white. The hot bead 
touched to NagSaOs becomes yellow. 
R. P. Becomes slowly colorless. 
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INTEBFERING ELEMENTS. 

Lead^ Bismuth^ ^mc:— Collect the coat, mix with 
charcoal-dust, and heat gently in a closed tube. Cadmium 
will yield either a reddish-brown ring or a metallic mirror. 
Before collecting coat treat it with O. F. to remove arsenic. 

Calcium, Ca. 

On Ooal with /Sl9<Za.— Insoluble and not absorbed by 
the coal. 

Flame. — Yellowish red, improved by moistening with 
HCl. 

With Borax or 8. Ph, — Clear and colorless, can be 
flamed opaque. 

Carbonic Acid, COs* 

With Nitric Add. — Heat with water and then with 
dilute acid. CO2 will be set free with effervescence. The 
escaping gas will render limewater turbid. 

With Borax or S. Ph. — After the flux has been fused 
to a clear bead the addition of a carbonate will cause ef- 
fervescence during further fusion. 

Chlorine, CI. 

With S. Ph. Saiurated with Oz^O.— Treated at tip of 
blue flame, the bead will be surrounded by an intense 
azure-blue flame. 

On Coal with CuO. — Grind with a drop of HaS04, 
spread the paste on coal, dry gently in O. P. and treat 
with blue flame, which will be colored greenish blue and 
then azure-blue. 
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Chromium, Cr. 

With Borax or 8. PA.— O. P. Reddish hot, fine yeUow- 
green cold. 
R. F. In bomx, green hot and cold. In S. Ph. red 
hot, green cold. 
With Soda. — O. F. Dark yellow hot, opaqne and light 
yeUow cold. 
R. F. Opaque and yellowish green cold. 

INTERFERING ELEMENTS. 

Manganese. — The soda bead in O. F. will be bright 
yellowish green. 

Cobalt, Co. 

On Coal R. F. — The oxide becomes magnetic metal. 
The solution in HCl will be rose-red, but on evaporation 
will be blue. 

With Borax or S. Ph. — Pure blue in either liame. 

INTERFERING ELEMENTS. 

Arsenic. — Roast and scorify with successive additions 
of borax. There may be, in order given, yellow (iron), 
green (iron and cobalt), blue (cobalt), reddish brown (nickel), 
green (nickel and copper), blue (copper). 

Copper and Other Elements which Color Strongly.— 
Fuse with borax and lead on coal in R. F. The borax on 
platinum wire in O. F. will show the cobalt, except when 
obscured by much iron or chromium. 

Iron^ Nickel^ or Chromium.— Yu^e in R. F. with a little 
metallic arsenic, then treat as an arsenide. 

Sulphur or Selenium.— Rosist and scorify with borax, 
as before described. 
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Copper, Cu. 

On Coal R. -^.—Formation of red malleable metal. 
i<7aw«.*— Emerald-green or azure-blue, according to 
compound. 

The azure-blue flame may be obtained : 
(a) By moistening with HCl or aqua regia, drying gently 
in O. F., and heating strongly in R. F. 

(6) By saturating S. Ph. bead with substance, adding 
common salt, and treating with blue flame. 

With Borax j^ or S. Ph. — O. F. Green hot, blue or green- 
ish blue cold. 
R. F. Greenish or colorless hot, opaque and brownish 
red cold. With tin on coal this reaction is more 
delicate. 

INTERFEBING ELEMENTS. 

Oeneral Method.X—^osst thoroughly, treat with borax 
on coal in strong R. F., and 

If Button Forms. — Separate the button from the 
slag, remove any lead from it by O. F., and make 
either S. Ph. or flame test upon residual button. 
If No Visible Button Forms. — Add test-lead to the 
borax fusion, continue the reduction, separate the 
button, and treat as in next test (Lead Alloy). 
Lead or Bismuth Alloys. — Treat with frequently 

* Sulphur, selenium, and arsenic should be removed by roastiog. Lead 
necessitates a gentle heat. 

t By repeated slow oxidation and reduction a borax bead becomes ruby- 
red. 

X Oxides, sulphides, and sulphates are best reduced by a mixture of soda 
<«nd borax. 
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changed boracic acid in strong R F., noting the appearance 
of slag and residual button. 

li-ace.—A red spot in the slag. 
Over One Per Cent. — The residual button will be 
bluish green when melted, will dissolve in the slag 
and color it red upon application of the C. F., or 
may be removed from the slag and be submitted 
to either the S. Ph. or the flame test. 

Fluorine, F. 

Etching Test~ll fluorine is released, it will corrode 
glass in cloudy patches, and in presence of silica there will 
be a deposit on the glass. According to the refractoriness 
of the compound the fluorine may be released : 

{a) In closed tube by heat. 

ip) In closed tube by heat and KHSO4. 

(c) In open tube by heat and glass of S. Ph. 

With Oonc. S28O4 and ^SiOg.— If heated and the fumes 
condensed by a drop of water upon a platinum wire, a film 
of silicic acid will form upon the water. 

Iodine, L 

With S. Ph. Saturated with (7i^0.— Treated at the tip 
of the blue flame, the bead is surrounded by an intense 
emerald-green flame. 

In Matrass with KHSO4. — Violet choking vapor and 
brown sublimate. 

In Open Tube with Equal Parts Bismuth Oxide^ Sul- 
phur^ and Soda. — A brick-red sublimate. 

With Starch'paper.— The vapor turns the paper dark 
purple. 
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INTERFERING ELEMENTS. 

Silver. — The iodide melts in KHSO4 to a dark red 
globule, yellow on cooling, and unchanged by sunlight. 

Iron, Fe. 

On Coal. — R. F. Many compounds become magnetic. 
Soda assists the reaction. 

With Bm-ax!^ — O. F. Yellow to red hot, colorless to 
yellow cold. 
R. F. Bottle-green. With tin on coal vitriol-green. 
With S. Ph.—O. F. Yellow to red hot, greenish while 
cooling, colorless to yellow cold. 
R. F. Red hot and cold, greenish while cooling. 
State of the Iron. — A borax bead blue from CuO is 
made red by FeO, and greenish by FegOg. 

INTERFERING ELEMENTS. 

Chromiv/m,. — Fuse with nitrate and carbonate of soda 
on platinum, dissolve in water, and test residue for iron. 

Cobalt. — By dilution the blue of cobalt in borax may 
often be lost before the yellow of iron. 

C(ypper. — May be removed from borax bead by fusion 
with lead on coal in R. F. 

Manganese. — (a) May be faded from borax bead by 
treatment with tin on coal in R. F. 
(6) May be faded from S. Ph. bead by R. F. 

Nickel. — May be faded from borax bead by R. F. 

Tungsten or Titanium.— Th^ S. Ph. bead in R. F. will 
be reddish brown instead of blue or violet 

* A slight yellow color can only be attributed to iron when there Is no 
decided color produced by either flame in highly charged beads of borax and 
8. Ph. 



216 BLOWPIPE TESTS. 

Uranium. — As with chromium. 

Alloys^ Sulphides^ Arsenides^ etc. — Roast, treat with 
borax on coal in R. F., then treat borax in R. F. to remove 
reducible metals. 

Lead, Pb. 

On Coal.* — In either flame is reduced to malleable metal 
and *yields, near the assay, a dark lemon-yellow coat, 
sulphur-yellow cold and bluish white at border. 
With Bismuth Flux : 

On Plaster. — Chrome-yellow coat, blackened by 

(NH,)2S. 
On Coal. — Volatile yellow coat, darker hot. 
Flame. — Azure-blue. 

With Borax or S. Ph. — O. F. Yellow hot, colorless 
cold, flames opaque yellow. 
R. F. Borax bead becomes clear, S. Ph. bead cloudy. 

INTERFERING ELEMENTS. 

Antimony. — Treat on coal with boracic acid, and treat 
the resulting slag on plaster with bismuth flux. 

Arsenic Sulphide. — Remove by gentle O. F. 

Cad/mium. — Remove by R. F. 

5i5m^^^A.— Usually the bismuth-flux tests on plaster 
are sufficient. In addition the lead coat should color the 
R. F. blue. 

Lithium, Li. 

i^'Za??^^.— Crimson, best obtained by gently heating near 
the wick. 

* The phosphate yields no coat without the aid of a flux. 
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INTERFERING ELEMENTS. 

Sodium. — {a) Use a gentle flame and heat near the 
wick. (6) Fuse on platinum wire with barium chloride in 
O. F, The flame will be first strong yellow, then green, 
and lastly crimson. 

Calcium or Strontium, — As these elements do not color 
the flame in the presence of barium chloride, the above 
test will answer. 

Silicon, — Make into a paste with boracic acid flux and 
water, and fuse in the blue flame. Just after the flux fuses 
the red flame will appear. 

Magnesium, Mg. 

On Coal with /Sb^a.— Insoluble, and not absorbed by the 
coal. 

With Borax or S. PA.— Clear and colorless, can be 
flamed opaque white. 

With Cobalt Solution.* — Strongly heated becomes a 
pale flesh color. 

Manganese, Mn. 

With Borax or S. P7t.\—0. F. Amethystine hot, red- 
dens on cooling. With much, is black and opaque. 
If a hot bead is touched to a crystal of sodium 
nitrate, an amethystine or rose-colored froth is 
formed. 
R. F. Colorless or with black spots. 
With Soda.—X). F. Bluish green and opaque when cold. 
Sodium nitrate assists the reaction. 

*With silicates this reaction is of use only in tbe absence of coloring 
oxides. The phosphate, arsenate, and borate become violet-red. 
f Tbe colors are more intense with borax tban witb S. Pb. 
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INTERFERING ELEMENTS. 

Chromium.— Hhe soda bead in O. F. will be bright yel- 
lowish green instead of bluish green. 

Silicon. — Dissolve in borax, then make soda fusion. 

Mercury, Hg. 

With Bismuth Flux: 

On Plaster. — Volatile yellow and scarlet coat. If 
too strongly heated, the coat is black and yellow. 
On Goal. — Faint yellow coat at a distance. 
In Matrass with Dry Soda or with Litharge/*' — Mirror- 
like sublimate, which may be collected in globules. 

Molybdenum, Mo. 

On Coal.—O. F. A coat yellowish hot, white cold, crys- 
talline near assay. 
R. F. The coat is turned in part deep blue, in part 
dark copper-red. 
Flame. — Yellowish green. 
With Borax.— O. F. Yellow hot, colorless cold. 

R. F. Brown to black and opaque. 
With S. Ph. — O. F. Yellowish green hot, colorless cold.f 

R. F. Emerald-green. 
Dilute (J) HCl Solutions. — If insoluble the substance 
may first be fused with S. Ph. in O. F. If then dissolved 
in the acid and heated with metallic tin, zinc, or copper, 
the solutions will be successively blue, green, and brown. 
If the S. Ph. bead has been treated in R. F., the solution 
will become brown. 

* Gold-leaf is whitened by the slightest trace of vapor of mercury. 
t Crushed between damp unglazed paper becomes red» brown, purple, or 
blue, according to amount present. 
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Nickel, Ni. 

On Coal. — ^R. P. The oxide becomes magnetic. 
With Borax.— O. P. Violet hot, pale reddish brown 
cold. 
R. P. Cloudy and finally clear and colorless. 
With S. Ph.—0. P. Red hot, yellow cold. 

R P. Red hot, yellow cold. On coal with tin be- 
comes colorless. 

INTEBFERINO ELEMENTS. 

Oeneral Method. — Saturate two or three borax beads 
with roasted substance, and treat on coal with a strong R. P. 
If a visible button results, separate it from the borax, and 
treat with S. Ph. in the O. P., replacing the S. Ph. when a 
color is obtained. 

If no visible button results, add either a small gold 
button or a few grains of test-lead. Continue the reduction, 
and: 

With Gold. — Treat the gold alloy on coal with S. Ph. 

in strong O. P. 
With Lead.— Scovifj button with boracic acid to 
small size, complete the removal of lead by O. P. 
on coal, and treat residual button with S. Ph. in 
O. P. 
Arsenic— B.osst thoroughly, treat with borax in R. P. 
as long as it shows color, treat residual button with S. Ph. 
in O. P. 

Alloys. — Roast and melt with frequently changed borax 
in R. P., adding a little lead if infusible. When the borax 
is no longer colored, treat residual button with S. Ph. in 
O. P. 
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Nitric Acid, HNOs. 

In Matrass with KHSO^^ or in Closed Tube with 
Litharge. — Brown fumes with characteristic odor. The 
fumes will turn ferrous sulphate paper brown. 

Phosphorus, P. 

Flame. — Greenish blue, momentary. Improved by 
cone. H2SO4. 

In Closed Ikbbe with Dry 8od<i and Magnesium. — The 
soda and substance are mixed in equal parts and dried, 
and made to cover the magnesium. Upon strongly heating 
there will be a vivid incandescence, and the resulting mass, 
crushed and moistened, will yield the odor of phosphu- 
retted hydrogen. 

Potassium, K. 

Flame. — Violet, except borates and phosphates. 

INTERFERING ELEMENTS. 

Sodium. — (a) The flame, through blue glass, will be 
violet or blue. 
(6) A bead of borax and a little boracic acid, made 
brown by nickel, will become blue on addition of 
a potassium compound. 
Lithium. — The flame, through green glass, will be blu- 
ish green. 

Selenium, Se. 

On Coal a. F. — Disagreeable horse-radish odor, brown 
fumes, and a volatile steel-gray coat with a red border. 

In Open Tube. — Steel-gray sublimate with red border, 
sometimes white crystals. 
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In Closed 2^^.— Dark red sublimate and horse-radish 
odor. 

Flame. — Azure-blue. 

On Coal with Soda. — Thoroughly fuse in R. F., place on 
bright silver, moisten, crush, and let stand. The silver will 
be blackened. 

Silicon, Si. 

On Coal with Soda. — With its own volume of soda dis- 
solves with effervescence to a clear bead. With more soda 
the bead is opaque. 

With Borax. — Clear and colorless. 

With S. Ph. — Insoluble. The test made upon a small 
fragment will usually show a translucent mass of undis- 
solved matter of the shape of the original fragment. 

When not decomposed by S. Ph., dissolve in borax 
nearly to saturation, add S. Ph., and reheat for a moment. 
The bead will become milky or opaque white. 

Silver, Ag. 

On Coal. — Reduction to malleable white metal. 

With Borax or S. Ph. — O. P. Opalescent 

Cupellation. — Fuse on coal with 1 vol.'of borax glass 
and 1 to 2 vols, of test-lead in R. F. for about two minutes. 
Reinove button and scorify it in R. F. with fresh borax, 
then place button on cupel and blow O. F. across it, using 
as strong blast and as little flame as are consistent with 
keeping button melted. 

If the litharge is dark, or if the button freezes before 
brightening, or if it brightens but is not spherical, rescorify 
it on coal with borax, add more test-lead, and again cupel 
until there remains only a white spherical button of silver. 
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Sodium, Na. 
-^^flw^.— Strong reddish yellow. 

Strontium, Sr. 
On Coal with /Soe^a.— Insoluble, absorbed by the coal. 
Flame.— lnX/&nsB crimson, improved by moistening with 
HCl. 

With Borax or S. PA.— Clear and colorless ; can be 
flamed opaque. 

INTERFERING ELEMENTS. 

Barium.— The red flame may show upon flrst introduc- 
tion of the sample into the flame, but it is afterward turned 
brownish yellow. 

Lithium.— Fused with barium chloride, by which the 
lithium flame is unchanged. 

Sulphur, S. 

On Coal with Soda and a Little Borax. — Thoroughly 
fuse in the R. P., and either : 

(a) Place on bright silver, moisten, crush, and let 
stand. The silver will become brown to black. Or, 

(b) Heat with dilute HCl (sometimes with powdered 
zinc); the odor of H2S will be observed. 

In Open Tube. — Suffocating fumes. Some sulphates 
are unaffected. 

In Closed Tkt^e. — May have sublimate red when hot, 
yellow cold, or sublimate of undecomposed sulphide, or 
the substance may be unaffected. 

With Soda and Silica (equal parts). — A yellow or red 
bead. 
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To Determine Whether Sulphide or Sulphate. — Fuse 

with soda on platinum-foil. The sulphide only will stain 

silver. 

Tellurium, Te. 

On Coal. — Volatile white coat with red or yellow border. 
If the fumes are caught on porcelain, the resulting gray 6r 
brown film may be turned crimson when moistened with 
cone. H2SO4 and gently heated. 

On Coal with Soda. — Thoroughly fuse in R. F. Place 
on bright silver, moisten, crush, and let stand. The silver 
will be blackened. 

Flame.— Gxe^n. 

In Open Tiibe. — Gray sublimate fusible to clear drops. 

With HzSO^ (cone). — Boiled a moment, there results a 
purple- violet solution, which loses its color on further heat- 
ing or on dilution. 

Tin, Sn. 

On Coal. — O. F. The oxide becomes yellow and lumi- 
nous. 

R. F. A slight coat, assisted by addition of sulphur 
or soda. 

With Cobalt Solution. — Moisten the coal, in front of 
the assay, with the solution, and blow a strong R. F. upon 
the assay. The coat will be bluish green when cold. 

With CuO in Borax Bead. — A faint blue bead is made 
reddish brown or ruby-red by heating a moment in R. F. 
with a tin compound. 

INTERFERING ELEMENTS. 

Lead or Bismuth (Alloys). — It is fair proof of tin if 
such an alloy oxidizes rapidly with sprouting and cannot 
be kept fused. 
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Zinc, — On coal with soda, borax, and charcoal in R. F. 
the tin will be reduced, the zinc volatilized ; the tin may 
then be washed from the fused mass. 

Titanium, Ti. 

• With Borax. — O. F. Colorless to yellow hot, colorless 
cold, opalescent or opaque white by flaming. 
R. F. Yellow to brown, enamel blue by flaming. 
With S. Ph.—O. F. As with borax. 

R. F. Yellow hot, violet cold. 
HCl Solutions. — If insoluble, the substance may first be 
fused with S. Ph. or with soda and reduced. If then dis- 
solved in dilute acid and heated with metallic tin, the 
solution will become violet after standing. Usually there 
will also be a turbid violet precipitate, which becomes 
white. 

INTERFERING ELEMENTS. 

7ron.— The S. Ph. bead in R. F. is yellow hot, brownish 
red cold. 

Tungsten, W. 

With Borax. — O. F. Colorless to yellow hot, colorless 
cold, can be flamed opaque white. 
R. F. Colorless to yellow hot, yellowish brown cold. 
With S. Ph.—O. F. Clear and colorless. 

R. F. Greenish hot, blue cold. On long blowing or 

with tin on coal becomes dark green. 

With Dilute HOI. — If insoluble, the substance may 

first be fused with S. Ph. The solution heated with tin 

becomes dark blue ; with zinc it becomes purple and then 

reddish brown. 
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INTERFERING ELEMENTS. 

Iron.^'The S. Ph. in R. P. is yellow hot, blood-red cold. 

Uranium, U. 

With Borax.— O. P. Yellow hot, colorless cold, can be 
flamed enamel yellow. 
R P. Bottle-green, can be flamed black, but not en- 
^ amelled. 
With S. Ph.—0. P. Yellow hot, yellowish green cold. 
R. P. Emerald-green. 

INTERFERING ELEMENTS. 

Iron.— With S. Ph. m R, P. is green hot, red cold. 

Vanadium, V. 

With Borax, — O. P. Colorless or yellow hot, greenish 
yellow cold. 
R. P. Brownish hot, emerald-green cold. 
With S. Ph.—O. P. Dark yellow hot, light yellow 
cold. 
R. P. Brown hot, emerald-green cold. 
HiSO^ Solutions. — Reduced by Zn become successively 
yellow, green, bluish green, blue, greenish blue, bluish 
violet, and lavender. 

Zinc, Zn. 

On Coal.—O. P. The oxide becomes yellow and lumi- 
nous. 
R. P. Yellow coat, white when cold, assisted by soda 
and a little borax. 

With Cobalt Solution. — Moisten the coal, in front of 
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the assay, with the solution, and blow a strong E. P. upon 
the assay. The coat will be bright yellow-green when 
cold. 

INTERFEBINO ELEMENTS, 

Antimony.— RemoYe^ by strong O. F., or by heating 
with sulphur in closed tube. 

Cadmium^ Lead^ or Bismuth. — The combined coats 
will not prevent the cobalt solution test. 

TVti.— The coats, heated in an open tube, with charcoal- 
dust, by the O. F., may yield white sublimate of zinc. 

SCHEMES FOR QUALITATIVE BLOWPIPE 
ANALYSIS.* 

TEST I.— Heat a portion gently with O. F. upon char- 
coal or a plaster tablet which has been blackened in the 
lamp iiame. 

As.— White very volatile crystalline coat, best on plas- 
ter. 

The coat disappears before R. F., tingeing it pale blue 
and evolving a characteristic garlic odor. 

Confirmation -4^.— The coating may be dissolved in 
solution of KOH, placed in a test-tube, a small piece of so- 
dium amalgam added, and the tube covered with a piece 
ol filter-paper moistened with a slightly acid solution of 
AgNOa- The paper will be stained black by the AsHs 
evolved. 

Sb.— White pulverulent volatile coat, best on charcoal. 

A good distinguishing feature between As and Sb is as 

* These schemes are taken from Mineralogj. Crystallography, and Blow- 
pipe Analysis, by A. J. Moses and C. L. Parsons, D. Van Kostrand, 1895. 
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follows: They both nsnally continue to give off fumes after 
removal of the flame, but while still hot -the AS2O8 fumes 
are not visible within one half inch of assay, while Sb204 
fumes appear to come immediately off of the mass. 

ConfirToation Sb. — The coating disappears before R F., 
tingeing it a pale yellow-green, or, if scraped together, dis- 
solved in S. Ph., andy^^*^ fused on charcoal in contact with 
tin, it will form a gray or black opaque bead. 

If the coating be scraped off and dissolved in tartaric 
acid and HCl, and the solution placed in a platinum cap- 
sule with a piece of zinc, Sb, if present, will give a black 
adherent stain. This may be confirmed by washing the 
stain with water, then dissolving it in a few drops of hot 
tartaric acid and a drop or two of HCl ; on adding HgS an 
orange precipitate (SbaSj) is formed. 

Test I. may also yield non- volatile coatings of Sn or Zn 
near the assay, yellow hot and white cold ; yellow coatings 
of Pb or Bi ; crystalline yellow and white coating of Mo ; 
brick-red to crimson coating and horseradish odor of Se ; 
and deep brown coatings of Cd and Te. All of these will 
be detected with greater certainty by later tests. 

TEST II. — Mix a portion with a spoonful of soda and 
a little borax and heat strongly upon charcoal with R. P. 
for three or four minutes. Preserve the fused mass for 
subsequent examination. 

As.— Garlic odor and a white volatile coat. 

Cd. — Dark brown volatile coat, sometimes shading to 
greenish yellow, and usually surrounded by a variegated 
coloration resembling the colors of peacock feathers. 

Confirmaiion Ca.— The coat forms at first heating, and, 
if mixed with Na2S208 and fused in a borax bead, will form 
a bright yellow mass of CdS. 
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Zn. — White not easily volatile coat, yellow when hot. 

Sn. — White non-volatile coat close to assay, yellow 
while hot and usually small in amount. 

Confirmation Zn and Sn. — If any coat forms, moisten 
it with cobalt solution and blow a strong blue flame on the 
substance- The coatings from other elements will not pre- 
vent the cobalt coloration. The zinc coat is made bright 
yellowish green. The tin coat becomes bluish green. 

Test II. may also yield white coats from Pb, Bi, or al- 
kalies, yellow coats from Pb or Bi, brown or red coats from 
Cu or Mo, and the ash of the coal may be white or red. 

TEST III.— Crush and pulverize the soda of Test II.; 
collect any magnetic particles with the magnet ; dissolve 
some of the magnetic particles in a borax bead with the O. 
F. Try also effect of R. F.; then also place some of the 
non-magnetic portion of the powder upon a bright silver 
surface ; moisten with water and let stand.* 

Fe.— The bead is : 0. F. hot, yellow to red ; O. F. cold, 
colorless to yellow ; R. F. cold, bottle-green. 

Confirmation Fe, — The magnetic particles yield with 
HNO3 a brown solution from which, after evaporating ex- 
cess of acid, K4FeCy6 throws down a blue precipitate. 

Ni.— The bead is : 0. F. hot, intense violet ; O. F. cold, 
pale brown ; R. F. cold, colorless. 

Confirmation NL — If the excess of acid is driven oflf by 
evaporation, KCy added in excess, and the solution then 
made strongly alkaline with KOH, two or three drops of 
pure bromine will give a black precipitate of NiaCOH)^. 



* There may be contained In the soda also metallic particles or buttons, 
which may be roughly recognized by color and tenacity, as follows : 

Malleable.— Kg, silver-white ; Sn, white ; Pb, gray ; Au, yellow ; Cu, red. 
Bn«^.~Sb, white ; Bi. reddish white. 
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Co.— The bead is : O. F. and R. F. hot or cold, a deep 
pure blue ; if greenish when hot, probably Fe or Ni is also 
present. 

Confirmation Co. — The magnetic particles yield with 
HNO3 a rose-red solution which becomes blue on evapora- 
tion. 

S, Se, Te.— The bright silver is stained black or dark 
brown, and unless the horseradish odor of Se or the brown 
coatings of Se and Te with bismuth flux have been already 
obtained, this stain will prove sulphur. 

Confirmation S. — The soda fusion will evolve H2S when 
moistened with HCl. By holding in the gas a piece of 
filter-paper moistened with a drop or two of lead acetate 
(test is made more sensitive by adding a drop of ammonia 
to the acetate) the paper will be stained black. 

Confirmation 8e, — Characteristic disagreeable horse- 
radish odor during fusion. 

Confirmation Te.—ll a little of the original substance 
is dropped into boiling concentrated H2SO4, a deep violet 
color is produced ; this disappears on further heating. 

The quite cold soda fusion added to hot water produces 
a purple-red solution. 

TEST IV.— Mix a portion of the substance with more 
than an equal volume of bismuth flux,* and heat gently 
upon a plaster tablet with the oxidizing flame. 

Pb.— Chrome-yellow coat, darker hot, often covering 
the entire tablet. 

Confirmation Ph. — If the test is made on charcoal, the 
coat is greenish yellow, brown near the assay. 

Hg.— Gently heated, bright scarlet coat, very volatile, 



• Formed by grinding togeUier 1 part KI, 1 part KHSO4 , 2 parts 8. 
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and with yellow fringe ; but if quickly heated, the coat 
formed is pale yellow and black. 

CcmfirmoMon Hg. — If the substance is heated gently in 
a closed tube or matrass with dry soda or litharge, a mir- 
ror-like sublimate will form, which may be collected into 
little globules of Hg by rubbing with a match end. The 
test with bismuth flux on charcoal yields only a faint yel- 
low coat. 

Bi. — Bright chocolate-brown coat, with sometimes a 
reddish fringe. 

ConfiTToation Bi, — The coat is turned orange-yellow, 
then cherry-red, by fumes of NHg , which may conveniently 
be produced by heating a few crystals of S. Ph. on the 
assay. The test with bismuth flux on charcoal yields a 
bright red band, with sometimes an inner fringe of yellow. 

Sb. — Orange to peach-red coat, very dark when hot. 

Confirmation 8b. — The coat becomes orange when 
moistened with (NH4)aS. 

Test IV. may yield colored sublimates with large 
amounts of certain other elements, and on smoked plaster 
certain white sublimates are obtainable. In all cases the 
elements are detected with greater certainty by other tests, 
but for convenience they are here summarized : Sn, brown- 
ish orange ; As, reddish orange ; Se, reddish brown ; Te, 
purplish brown, with deep brown border ; Mo, deep ultra- 
marine blue ; Cu, Cd, Zn, white on smoked plaster. 

TEST V. — Dissolve substance in salt of phosphorus in 
0. P. so long as bead remains clear on cooling. Treat then 
for three or four minutes in a strong R. F. to remove vola- 
tile compounds. Note the colors hot and cold, then re- 
oxidize and note colors hot and cold. 



SCHEMES FOR QUALITATIVE BLOWPIPE ANALYSIS. 231 

Fe, Ti, Mo, W.— The bead in O. F. cold is colorless or 
Yevy faint yellow. 

Gonfirrriation Fe. — ^The bead in its previous treatment 
should have been O. P. hot, yellow to red; O. P. cold, 
colorless ; R. F. cold, bottle-green. 

Conflrmation TL — The bead is reduced on charcoal with 
tin, pulverized, and dissolved in HCl (1 to 4) with a little 
metallic tin. The reduced bead is violet, the solution is 
violet and turbid. 

Confirmation Mo. — Tested as above on charcoal with 
tin, etc., the reduced bead is green, the solution is dark 
brown. Heat a little of the substance on platinum-foil 
with a few drops of cone. HNOa , heat until excess of HNOs 
has all volatilized, then add a few drops of strong H2SO4 and 
heat until copious fumes are evolved ; cool, and breathe 
upon the cooled mass ; an ultramarine blue = Mo. 

Confirmation TT. — Tested on charcoal with tin, etc., as 
above, the reduced bead is green, the solution is deep blue. 

U, V, Ni.*— The bead in O. P cold is colored yellow or 
greenish yellow. 



* If the absence of Ni is not proved, or Co obscures the tests, dissolve the 
substance in borax on charcoal to saturation, and treat for five minutes in hot 
R. F. 

If a visible button results, separate it from the borax, and treat with S. Ph 
in the O. F., replacing the S. Ph. when a color is obtained. 

If no visible button results, add either a small gold button or a few grains 
of test-lead. Continue the reduction, and, if lead has been used, scorify the 
button with frequently changed boraoic ncid to small size, stopping the in- 
stant the boracic acid is colored by Co, Ni, or Cu, blue, yellow, or red, re. 
spcctively. 

Complete the removal of lead by O. F. on coal, and treat as below. 

Treat the gold alloy, or the residual button from the lead alloy, on coal, 
with frequently chansred S. Ph., in strong O. F. 

The metals which have united with the gold or lead, will be successively 
oxidized, and their oxides will color the S. Ph. in the following order : 
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Confirmation^ U. — The bead in R. F. is dull green hot, 
fine green cold. Make a Na^COa fusion, dissolve in HCl 
or H2SO4 , add a few drops of H2S water, and if it gives any 
precipitate, add it in excess and filter ; to filtrate add a 
few drops of HNO3 and boil, then add NH4OH to alkaline 
reaction, filter, wash precipitate with ammonia water, 
and then treat precipitate with a concentrated solution of 
(NH4>2C08 + NH4OH, filter, acidify filtrate with HCl, and 
add K4FeCy6 . Brown ppt. shows U. 

Confirmation V. — In R. F. the bead will be brownish 
hot, fine green cold. Fuse substance with Na^jCOsin 0. F., 
and dissolve fusion in a few drops of dilute H8SO4 or HCl, 
add a piece of zinc and warm ; blue color changing to 
green and finally violet = V. 

Confirmation Ni. — The hot bead in O. F. will be intense 
violet, and in R. F. will be reddish hot, yellow cold. 

Mn. — The bead in O. F. cold is colored violet; if 
touched while hot to a crystal of nitre, it is made deep 
permanganate color. 

Confirmation Mn. — Fused on platinum wire in O. F. 
with a paste of soda and nitre, manganese yields an 
opaque bluish-green bead. 

Cr. — The bead in 0. F. cold is colored green. 

There may be a green bead from admixture of a blue 
and a yellow. If Cr is not proved, examine in such a case 
for U, V, Cr, etc., with unusual care. 

Co. — Blue, hot ; blue, cold. May stay in the slag. 

Ni.--Brown, hot ; yellow, cold. May give green with Co or Cu. 

Cu.— Green, hot ; blue, cold. Made opaque red by tin and R. F, 

The slag should contain the more easily oxidizable metals, and be free 
from Cu, Ni, and Ag. Test a portion with S. Ph and tin to prove absence of 
Cu. If present, it must be removed by further reduction with lead. Pul- 
verize the slags and dissolve a portion in S. Ph., and examine by Test V. 
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Confirmation Or. — If the substance is fused on platinum 
wire in the 0. F. with a paste of soda and nitre, an opaque 
yellow bead is produced ; and if the soda bead is dissolved 
in water, filtered, acidified with acetic acid and a drop or 
two of lead acetate added, a yellow precipitate will be 
formed. 

Co, Cu.— The bead in 0. F. cold is colored blue. 

Gonfirmation Cb.— The bead is deep blue, hot and cold^ 
in both flames. 

Confirmation Cu. — The bead is green hot, greenish 
blue cold, and on fusion with tin on coal becomes opaque 
brownish Bed. 

With larger percentage of copper the substance will 
yield a mixed azure-blue and green flame on heating with 
HCl. 

SiOa, AljOs, TiOa, SnOs-— The saturated bead contains 
an appreciable amount of insoluble mdterial^ in the form 
ot a translucent cloud, jelly-like mass, or skeleton form 
of the original material. 

Confirmation SiO^. — Mix the dry substance with a little 
dry calcium fluoride free from SiOa , place in a dry test-tube 
and add cone. H2SO4 and heat gently, hold in fumes given 
oflf a drop of water in loop of platinum wire ; Si02 will be 
separated on coming in contact with the water and form a 
jelly-like mass. 

Silica or silicates fused with soda unite with noticeable 
effervescence. 

Confirmaiion AW%^ TiO%^ SnOi^ SiO^. — If infusible, 
moisten the pulverized mineral with dilute cobalt nitrate 
solution and heat strongly. 

AlaOg.— Beautiful bright blue. 

TiOa. — Yellowish green. 
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SnOj. — Bluish green. 

SiOg. — Faint blue ; deep blue if fusible. 

There may also be blues from fusible phosphates and 
borates, gi:eens from oxides of Zn, Sb, violet from Zr, vari- 
ous indefinite browns and grays, and a very characteristic 
pale pink or flesh color from Mg. 

Confirmation SnO^. — Treat the finely pulverized min- 
eral with Zn and HCl in contact with platinum. Dissolve 
any reduced metal in HCl and test with HgClj. There 
will be white or gray ppt. 

Ba, Ca, Sr, Mg.— The saturated bead is white and 
opaque^ and the nearly saturated bead can be flamed white 
and opaque. 

Confirmation Ba^ Ca^ Sr. — Moisten the flattened end 
of a clean platinum wire with dilute hydrochloric acid, dip 
it in the roasted substance, and heat strongly at the tip of 
the blue flame, and gently near the wick. Remoisten with 
the acid frequently. 

Ba. — Yellowish-green flame, bluish green through green 
glass. 

Ca. — Yellowish-red (brick-red) flame, green through 
green glass. 

Sr. — Scarlet-red flame, faint yellow through green glass. 

There may also be produced Li, carmine-red flame, in- 
visible through green glass ; K, rose-violet flame, reddish 
violet through blue glass; Na, orange-yellow flame, in- 
visible through blue glass ; Cu, azure-blue and emerald- 
green ; Se and As, pale blue ; Mo, Sb, Te, pale green. 

Confirmation Jf^'.— Moisten the roasted substance with 
cobalt solution and heat strongly. The substance will be 
colored pale pink or flesh color, or violet if present as 
either arsenate or phosphate. 
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TEST VI.— Cupellation for silver and gold. Fuse 1 vol. 
of the n^asted substance on charcoal with 1 vol. of borax 
glass and 1 to 2 vols, of test-lead in R. F. for about two 
minutes. Remove button and scorify it in R. F. with 
fresh borax, then place button on cupel and blow O. F. 
across it, using as strong blast and as little flame as are 
consistent with keeping the button melted. K the litharge 
is dark, or if the button freezes before brightening, or if 
it brightens but is not spherical, rescorify it on charcoal 
with borax, add more test-lead, and again cupel until there 
remains only a bright spherical button unaltered by fur- 
ther blowing. 

Ag.— The button is white. 

Au. — The button is yellow or white. 

Confirmation Ag and Au. — Dissolve in a drop of 
HNO3, and add a drop of HCl, producing a white curd- 
like precipitate. If gold is present, there will be a residue 
insoluble in HNO3 which will become golden yellow on 
ignition. 

TEST VII.— Heat substance in matrass with acid 
potassium sulphate. 

N2O5 , Br. — Reddish-brown vapor. 

Confirmation N^O^. — The gas turns ferrous sulphate 
paper brown. Nitrates deflagrate violently when fused on 
charcoal. 

CI.— Colorless or yellowish-green vapor, with odor of 
chlorine. 

I. — Violet choking vapor. 

Confirmation Br^ Cl^ I, — Saturate a salt of phosphorus 
bead with CuO, add substance, and treat in O. F. Br, 
azure-blue and emerald-green flame. CI, azure-blue flame 
with a little green. I, emerald-green flame. 
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Fuse with Na^COs, pulverize and mix with MnOj, and 
add a few drops of concentrated H2SO4, and heat Cl> 
yellowish-green gas that bleaches vegetable colors, Br> 
red fumes. 

Fuse with Na^COs, dissolve in water, make slightly 
acid with H2SO4 , and add FejC 804)3 (ferric alum may be 
nsed), and boil. I, violet fumes (turn starch-paper blue). 

F.— The glass of the matrass is corroded, and if Si02 is 
present a film of SiOj is often deposited on the glass. 

Confirmation F. — If the substance be mixed with silica 
and then heated with concentrated sulphuric acid, and the 
fumes caught on a drop of water held in a loop of platinum 
wire, gelatinous silica will form in the water. 

TEST VIII.— Heat the substance gently with water to 
remove air-bubbles, and then with dilute hydrochloric 
acid. 

CO2. — Effervescence continuing after heat is removed. 

H2S, CI, and H are sometimes evolved, but usually the 
odor will distinguish these. 

Confirmation CO2 . — If the gas is passed into lime- 
water, a white cloud and precipitate will be produced. 

TEST IX.— Place a piece of Mg wire in a closed tube, 
and cover the wire with a mixture of soda and the sub- 
stance. Heat till the mass takes fire, cool, and add water. 

P. — Evolution of phosphine, recognized by odor. 

Confirmation P. — Fuse a little of the substance, pre- 
viously roasted if it contains As, with two or three parts 
NajCOs and one of NaNOg, dissolve in HNOj, and add ex- 
cess of (NH4)2Mo04 ; yellow ppt. shows P2OB . In presence 
of Si02 it is well to confirm this ppt. by dissolving it in 
dilute NH4OH, allowing it to stand for half an hour and 
filtering off any SiO^ that separates, then to filtrate add- 
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ing magnesia mixture (MgCl2 + NH4Cl + NH40H); white 
crystalline ppt. shows PaOs . 

Phosphates yield a pale momentary bluish-green flame 
when moistened with concentrated H3S04and treated at 
the tip of the blue flame. 

TEST X.— Make a paste of four parts KHSO4 , one part 
CaFj, water, and substance. Treat at tip of blue flame. 
Jubt after water is driven oflf the flame will be colored. 

B.— Bright green, 

Li. — Carmine. 

ConflTTnation 5.— Heat some of the substance gently 
on platinum wire, then add a drop of concentrated H2SO4 , 
heat very gently again, just enough to drive off excess of 
H2S04 , dip in glycerine, hold in flame until glycerine be- 
gins to bum, remove from flame, and the mass will continue 
burning with a green flame. 



SPECIAL SCHEME FOB DETECTION OF THOSE METALS 
WHICH WHEN PRESENT AS SILICATES USUALLY FAIL 
TO YIELD SATISFACTORY TESTS BEFORE THE BLOW- 
PIPE, 

Remove the volatile constituents as thoroughly as pos- 
sible by roasting, then heat gently in a platinum capsule 
with HP and a few drops of concentrated H2SO4 as long as 
fumes are given off ; add a little more HP and H3SO4 , and 
heat again in the same way. When fusion is quite cold, 
dissolve in cold water and filter. 

Filtrate a. — Divide into four parts and test as follows: 

1. Add a piece of Zn or Sn and a little HCl, and heat. 

Ti. — A violet or blue solution. 
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ConflrToation Ti, — Nearly neutralize solution, and 
then add Na^SaOs , and boil. White ppt. shows Ti. 

Or, make solution slightly alkaline, and then acidify 
slightly with HCl, and add Na8HP04. White ppt shows TL 

2. Add excess of KOH or NaOH, boil and filter, and to 
filtrate add excess of NH4CI, and boiL 

AL — ^White precipitate. 

Dissolve ppt., produced by the KOH or NaOH, in HCl, 
and add EfFeCye* 

Fc — ^Blue precipitate. 

8. Add HCl ; then make alkaline with NH4OH and add 
(NH4)aS + (NH4)2C08 in slight excess; filter ; to filtrate add 
Na2HP04. 

Mg.— White crystalline precipitate, 

Conflrmation Mg.—lt phosphates are present, this test 
would not be reliable for Mg. In such cases test a few 
drops of the solution with H2S; if it causes any precipitate, 
saturate the whole of the solution with it, filter, and to 
filtrate add a few drops of HNO3, and boil to oxidize PeO, 
nearly neutralize with solution of Na^COs- If iron is not 
present, add a few drops of FejCU, enough to give a red 
precipitate with the sodium acetate, then dilute and add 
excess of sodium acetate, and boil, filter, and to filtrate 
add NH4OH + (NH4)2S, filter, to filtrate add Na^iHPO*. 
White crystalline precipitate shows Mg. 

4. Add BaCl2 as long as it gives a precipitate, then 
Ba(0H)2 to alkaline reaction, boil, filter, and to filtrate add 
(NH4)2C08 and NH4OH and heat; filter; eva{)orate filtrate 
to dryness and ignite to drive out NH4 salts. Test residue 
in fiame for K and Na ; dissolve residue in a few drops 
of water, filter if necessary, and then add solution of 
H2PtCl6 and alcohol. 
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K. — Yellow crystalline precipitate. 

Confirmation Na, JT.— Mix 1 part of the silicate with 
from 5 to 6 parts of precipitated CaCOs and 1 part of 
NH4CI, heat to redness in platinum capsule for thirty 
minutes, being careful to apply heat gently at first, digest 
sintered mass in hot water, and filter; to filtrate add 
(NH4)8C08 and NH4OH, heat, and filter ; evaporate filtrate 
to dryness and ignite gently until all ammonium salts are 
driven oflE, then determine Na and K as above. 

Residue a. — ^Boil with strong solution of (NH4>iS04 
and filter. 

Filtrate b. — ^Add a few drops of HjS water ; if any 
precipitate forms, saturate with HjS and filter, and to 
filtrate add NH4OH and {NB^^f^iO,. 

Ca. — A white precipitate. 

Residue &.— Moisten with concentrated HCl and try 
coloration of fiame. 

Ba. — Yellowish-green fiame. 

Sr. — Scarlet flame. 

Confirmation Ba and /Sr,— Fuse residue h with two to 
three pts. of soda in a platinum capsule ; treat fusion with 
boiling water, filter, reject filtrate, dissolve residue in 
acetic acid, add a few drops of HjS water, if it gives any 
precipitate, saturate with H2S and filter, and to filtrate 
add KgCraO?. Ba gives a yellow precipitate. Filter, and 
to filtrate add CaS04, warm, and let stand. Sr gives a 
white precipitate. 



Ad< 



PtS,. Sb,S,. SnS. 
oug^hly with HgO. 



Real 



Filtrate 7 
Treat dAsS,. {NH4),SbS4. (NH4),AuS,. (NH4),SiiS,. (NH4),PtS,. 
ipitate by addiug HCl to acid reaction, filter, and wash with HaO. 



TABLE OF QUALITA 
Part 1L— 



Boil the mixture ooctainiDg the adds < 



Ptecipitaie A. 
Contains bases, and perhaps Silicates, Phosphates, and Fluorides. Divide into two parts. 



Part 1. 

Acidify with HNO3 and evaporate to dryness. Take up 
residue with HNOs and 11,0, filter, and wash. 



Residue B. 

A white gritty powder = 
SiO,. 

Test with metaphospliate 
beud. 



Filtrate 
Add (NH4»,Mo04. A >el 



Part 8. 
Acidify with HCiHsO, and filter. 



Residue C. 
If no SiO, has be«>n found 



low crystalline ppt=HsP04 in Residue H. treat Resi- 
due C with H5SO4 (cone.) in 
a Pb or Pt di>li, and see if 
fumes will etch; if they do = 
HF. In the presence of SiOj 
add H3SO4 and distil from 
test-tube Into tuoe of water. 
Water becomes acid ( HaSi Fg ) 
and free silica separates in- 
dicates HF. 



Filtrate 2. 
Reject 



If Group 1 has been found to be present by test with BaCl, on Part 1 {% of Filtrate 5), take a third part of this solvit 



Precipitate D. 
Treat with HC,HsO, and filter. 



Residue E. 

Test a portion iu a metaphosphate bead for SiOg. 
two parts. 



Divide the rest into 



Part 1. 

Dry. ignite gently, then add HC^HsO, 
Effervescence = CO9 = H2C'o()4. 

Or ai-idify Sol. (a) with llCaHaOj 
add 0aSO4 A while pulverulent ppt 
= CuC'-iO* 



Part 2. 

If SiO, is not present, heat in Pb or 
Pt dish with HaSO* (cone.) for HF 
(etching test). 



Filtmi 
Divide into t 



Part 1. I 

Acidify slightly with Ha nnd test 
for HgBoOa with turmeric paper. I 

Pink color. 



Test original solution with HCl 
HCjHjO, with effervescence = CO,. 



Gro^i 
Divide into t 



Part 1. 

Add a little CS, and then a few 
drops of HCl, then NaClO very care- 
fully, the I is set free and colors CS, 
purple : add more NaClO very care- 
fully, and finally the I color disappears 
and th ^ Br is then liberated and colors 
CS9 brown. 



H»S, HON. H4Fe(CN). . Hi,Fe,(CN)i,HCI. HI, and HBr. Boil out ELS, te«*l 
and pass distillate into KOH ; test this for HCy by adding FeSO* . KOHf, Fe,C' 
formed, and until the liquid k)ecoraes blue or green ; filter. 

Precipitate. 
CuaFe(CN>«. Cu.FPa^CN),. 



Note. -Test for these acids in the original with Ferric and Ferrous scdts. 



Acidifr with HOI and test with 
FeS04 ; a blue ppt = Fe^fCN),,. The 
FeS04 must be recently made. 



Acidify with HCl and add Fe,Cle • 
blue ppt = Fe^CCX),!. 



OROAinc Acids. HC^H, 
Use the original neutral solii 



Part 1. 

For HC,H,0, add cone. H.^S04 and C^HsOH, heat gently ; odor of ethyl 
acetate (elder). 



Pat 

For H.C4H40e add on« drop of Fc 
NaClO and excess of KOH. Purple c< 



lATIVE ANALYSIS. 
— Acids. 



is with excess of NasCO^ , filter hot. 



Filtrate 5. 
Ck>ntainB the acids and sodium salts of As. Divide into two uaeqaal parts. 



Fart 1 (9^ of Filtrate 5). 

Add HNO, to faintly acid reaction, then NH4OH to slightly alkaline 
reaction, and boil until all free NH4OU is driven off. Divide into two parts 



Part 1. 

Take a small portion of this neutral 
solution and add Bads. A white ppt 
= Acids of Group 1 . 

To this ppt add HCl ; all dissolve 
except BaS04 and BaSiFe- The latter 
need not be looked for in the mixture. 



Part 2. 

Take a small portion of this neutral 
solution, add AgNOj, and tbenacidify 
with HNO,. Ppt = Acids of Group 2. 

Note the color of the ppt before and 
after adding HNO,. 



Part 2 (H of Filtrate 5). 

Add to a portion of this solution 
an equal volume H.^S04 (cone.) and 
few drops of FeS04. Brown ring 
(FeS04)oN0 ; in presence of HCMO, , 
MBr, HI, H3Cr04 add Zn and KOH 
and boil. Odor of NH, = HNO,. 

Test second portion for HCIO, by 
adding AgaS04. filter, reject ppt, 
evaporate solution to dryne.ss. taice 
up with figO, and test for chlorides. 



.p 1. 

ution and test as follows : Add CaCl, and enough NH4OH to make the solution slightly alkaline, warm, and filter. 



\te -J. 
two parts. 



Part 2. 

Acidify with HNO, and test for 
flaPO, with (NH4^9Mo04. 

A yellow ppt in cold solution 
h,p64. 



Filtrate 8. 
Add BaCl, Ppt = BaS04 and BaCr04. Filter. 



Precipitate F. 
Treat with HCl and filter. 



Eeaidue O. 

= BaS04. Fuse on charcoal with 
Na,COs and test on Ag. Brown stain 

Ag,S. 



CO2. 

if effervescence, pass the gas into limewater. A white ppt soluble in 



Filtrate 4. 

Add NH4OH to alkaline reaction* 
Yellow ppt = BaCr04. 



rp2. 
iwo parts. 



Part 2. 

5 fumes with PbA paper: a black coloration indicates H9S. Add NaHCO, and distil, carrying distillation to dryness, 
), , and HCl ; blue ppt. When cyanides are removed, cool, dissolve residue in H3O and add CUSO4 as long as a ppt is 



Solution. 



Add cone, solution of rNH4>,Fe,(S04)4 and boil, pa-ss vapor into starch-water. Blue color indicates HI. When 
this is removed, add a drop of cone. H0SO4 . some dil. K,Mn,08 , and boil as long as Br is given off, or until the color 
Is discharged, adding more K,Mn-Oe if necessary. Finally test solution with HNO| and AgNO, ; a white curdy ppt 
soluble in NH4OH and pptd by HNO, indicates HCl. 



P,. H,C4H40,. HjCHtOv 
Ion. Divide into three parts. 



<2. 

0| and one or two drops of HjOj , or 
jor. 



Parts. 



For HaCeHgOT add CaCI, , filter cold, reject the ppt of CaC4H40, , boil 
the filtrate. The ppt is Ca,(C6HeO,),. 



ZETTNOW'S SCHEME FOR QUALITATIVE ANAL 

ARRANGED BY H. CARR 

For the Students of the Schoc 
Add hydrochloric acid to the solution, wash, and filter. 



PrectpUat^. 
Boil with water and filter. 



FUfrate. 
Add excess of dilute H,S04 and wash on filter. 



Solu- 

tion. 

Add 

lIaS04 



Prerl- 

in/afs 

Pb 



Residue. 
Treat with 
(NH4)HO 



Preci/fifa/e. 

Agitate with coii^itierable cold 

water aud filter. 



Solu- 
tion 
Add 
HNO, 



PreH- 
pittite 



Residue 

turns 
gray or 
black 



FUtrate. ! Residue. 

Add excess Add (NH^) HO and 

of , (NH4)aC4H,Og 

(NH4)9C,04 I digest and filter. 



PrediMate 
Ca 



VokUUized 
(NH4)aO 
Test gas 
with HCl 

aud litmus. 



Residue. 

Boll with NajCOj, 

filter, wash, dissolve 

on filter with HCl, 

neutralize filtrate 

with (NH,)HO, and 

divide into two 

parts. 



nifra/e. 

Add 

H(CoHaO,) 

and K3Cr()4 



Precinitats 



IstHaif. SecimdHalf. 

Add excess] Add excess of 
of solution H-SijFlg and alcohol, 

of »rS04 Shake, filter, dilute 

with water, expel 

I alcohol by evapora- 

PredpiUite iA^L^A*^"* ^\uium of 
^o CaSO,, and after one 
or two minutes a 
precipitate 
Sr 



In this scheme regard is had to the following substances 
in aqueous solution : 

I. PbO, Ag,0. HsrO 

II. CaO,BaO,SrO 

III. (NH4 80,NaaO,K20 

IV. AP30j,AKaO.,Sba()3.Sb206.SnO.Sn02,HgaO,CuO, 

V. FeO.FeaOs.CrjOa.AlgOa 
VI. MnO,MgO,CoO,NiO 
VII. ZnO 



FUtrate. 
Divide the solution into two uii 



To i add BaH.O. and 
boU. 



Soiution 

Add 

excc!*s 

of 

(NH4)«CO, 

and 

(NH4^,Ca04 
warm, rtlter, 
evaporate to dryness, 

and ignite residue. 
Test on platinum wire 
in colorless flame ; in- 
tense yellow color In- 
dicates 
Na. 
Violet color seen 
through blue glass 
mdicatea 
K 



Place J of 

Utile 



Vola- 
tilized. 
Collect 
spots on 

cold 
porce- 
lain, 
and 

trt'at 

with 
NaClO. 

Six>ts 
dis- 
solve; I 1 
As 

Spots 
do not ,\ 

solve; I . 

Sb Ir^ 

Test 1,";^ 

with ^ 
AgNO, 



Pi 



X. B. To test for zinc m»x a jk 
filter, add NallO in excess, and li 
trate. boil until all odor of {^U^)l 
solution, a cloud or precipitate indi 



SIS WITHOUT THE USE OF H,S OR (NH4)HS. 

OTON BOLTON, PH.D., 

of Mines, Columbia College. 



ijnal parts, } and }. 



he M>lntion In a Marsh's appamtiiH, add pieces of zinc and a ntrip of platinum foil, when but 
31C reniuitis heat 15 or 20 uiinute8, and throw contents of fla«k on a filter ; wash thoroughly. 



Residue. 
Treat with strong UNO,, and filter. 



FUtraU 

Boil with a little HNO. and divide into two un- 
equal parts. 



Residue. 
hs»h, boil with 
K'l and filter. 



mi. 
»i in a 
\ati- 

nm 
csh 
rh a 

yo of 
:iic. 
Alark 
■jit on 



Resi- 
due. 
Add to 
8olution 
in plati- 



tium 
dish, 
boil 
with 
HCl, 
filter 
^i pla- and add 



':11m 

Kli- 

lb 



HgCl, 

Preci- 

jntate. 

Sn 



FiUraU. 
Divide into two parts. 



\8t Half. 

Add 

SnClj 



Precijn- 

tate. 



Second Half. 

Add HCl, bolt, then 
add excels «if Nallo, 
woHh the precipitate, 
on filter w^ith water, 
then with (NH3)HO 

containing NII4CI. 



Residue. 
Dissolve on 
filter in very 
■^little HCl 
and add 
large quun- 
lity of HnO 
to the fll- 
trare. A 
cloudy pre- 
cipitate in- 
dicates 
Bl 



FUtrate. 

Divide into two 

parts. 



Ut naif. 
Acldil^ 
with HGl 

and 

add 
K.PcaCy, 

Precipi- 
tate. 
Cu 



2d Half. 

Add 
excess of 
NaHO, 
a white 
gelatin- 
ous 
PrecijA- 
tate 
Cd 



\»t PorliGn. 

Add KCvS 

Red Color 

Fe* 



Second Portion. 
Neutralize with (NH4)HO, add ex- 
cess of Ba CO3, agitate ten min- 
utes, filter and wash thoroughly. 



Pi^ecipituV'. 

Boil in a porcelain 

dish with dilute 

H0SO4 and filter. 

Add excess of NaHO 
to filtrate, a few 
drops of KMn04 

and a little NH4C1, 
boil, filter, and 

di\ide the solution. 



Ut Half. 
Add some 
H(CaH,0,) 

and 
Pb(CaH,0,)a 

pitaJie 
Or 



Uokf^ 

Add 
excess 

of 
NH4CI 

Pred- 
pUate 



. ition of the original solution with nri.H,S04, 

.1. Add a little (NH4)aC0, and NH4CI to fil- 

v|; tO is expelled, and filter. Add K4Fe3Cy, to 

. gdtesZn. 



FUtrale. 
Add excess of dilute H.SO,, 
filter and saturate filtrate 
with (NH4)aC0,, warm, fil- 
ter, and wash. 



Precipi 

tate. 
Mix a por- 
tion with 
Na,CO, 

and 
NaNOa. 
fuse on 
platinum 

foil. 

GreeJi 

color. 

Mn 



Solution. 
Add Na,HI*04 



Solfi- 
tion. 
Evapo- 
. rate to 
dryness, 
dissolve in HCl, 
add KNO. and 
H(C-H,6,), 
filter. 




♦ To determine de- 
gree of oxidation of 
Fe, examine the ori- 
ginal solution with 
K4Fe9CyeandKCyS 



Dissolve 
anoi her 

Eortion in 
[CI, neu- 
tralize 
with 
(NH4)H0, 
add con- 
siderable 
NH4Cland 
(NH4),CV04 
Precipi 
taU 
Ca 



Preci- 
pitate 
Co 



I 



Solu- 
tion. 
Add 
NaHo 



Preci- 
pitate 
Ni 



PART V. 

TABLES, EXAMPLES, AND REFERENCES. 



PRECIOUS STONES. 

ABBANOED AGGOBDINO TO HABDNESS. 



sPBcmo 

OBATITT. 



▲OnOH OF 
▲CXD8. 



BLOWPIPS OHABAO- 
TBBX8TIC8. 



Diamond. 



Sapphire 
(Coronduin). 



Topas. 



Ruby (Spinel). 



Emerald (Aqua- 
marine, Beryl). 



ZircOD. 

AmethysC^' 
Onyx, etc. 
(Qnarts). 

Garnet 

Turqnoiib 

Lapia-Laioli. 
Opal. 

ICalachite. 



Golorleas, smoky, 
'"ow, green, 
and black. 



yellow, green, 
blue, I ' • 



10. 



as 



Colorless, blue, red, 

yellow, gray, and 

brown. 



Colorless, yellow, 

blue, ffreenish- 

blae. 



Ked, bine, green, 
yellow, white, and 



'black. 



Green, bine, yellow, 
red, and wnite. 



Colorless, yellow, 

red, brown, 
pink, and green. 



Colorless, white, 

black, red, and 

green. 



Bed, brown, yellow, 
white, green, and 



Bine, white, yellow, 
and red. 



Bine, red, green, 
and colorless. 

Brown, green, and 
gray. 



Bright green. 



7.5 to 8 



7.5 



6.6 to 7.5 

6. 

5.5 to 6 
6.5 to 6.5 
8.5 to4 



8.5 

8.6 to 4.6 
8.6 to 2.8 

4.7 
8.6 to 8.7 

8.16 to 4.4 
8.6 to 8.8 

8.4 

8.1to8JB 

8.9 to4 



Not acted on. 



Insoluble. 



Not acted on. 



Insoluble in by 

drochloric acid 

Partly soluble 

in sulphuric 

acid. 

Not acted on. 



Insoluble. 



Insoluble. 



imperfectly sol- 
uble. 



Soluble. 



GelatlnLEes. 



Hore or less sol- 
uble. 



Soluble with ef- 
fervescence. 



Bums at an intense 

heat, without 

residue. 



Inftiflible. 



Infusible, cracks at 
a high heat. 



Infusible, changes 
color. 



Fuses with difficul- 
ty on the edges. 



Infusible. 



Infusible, except 

with carbonate of 

soda. 



Fusible. 



Infusible. 



Fuses with Intumes- 
cence and gives a 
white bead. 

Infusible, gives off 
water and be- 
comes opaque. 

Gives off water and 
Fuses. 



SCALE OF HARDNESS. 

1. Easily scratched with the nail. Talc. 

2. Not easily scratched with the nail ; does not scratch 
a copper coin. Gypsum. 

348 
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METALS— CHABAGTEBI8TI08. 



8. Scratches and is scratched by a copper coin. Calcite. 

4. Not scratched by a copper coin ; does not scratch 
glass. Fluorite. 

5. Scratches glass with difficulty ; easily scratched with 
the knife. Apatite. 

6. Scratches glass easily ; not easily scratched by the 
knife. Orthoclase. 

7. Not scratched by the knife ; yields with difficulty to 
the file. Quartz. 

8. Harder than flint. Topaz. 

9. Harder still. Sapphire. 

10. Diamond. 

METALS— CHARACTERISTICS.* 

INOLUDING CABBON AND 8ULPHUK. 



LMd. 
Antimony. 

SlWer. 

Gold 
Platlnom. 

Zinc. 
Moreniy. 
Blsmnth. 

Tin. 
Copper. 



Blnlsh, malle- 
able. 



Bloish-whlte, 
britUe. 



VHiite, malle- 
able. 



Tellow, mal- 
leable. 



Whitish to 
steel-gray, 
malleable. 

Blnish-whlte, 

malleable, 

britUe. 

Tin-white, 
liquid. 

Reddish to 

silver white, 

brittle. 

Like sflTer, 

more bluish, 

malleable. 



1.S 
8-8.6 
8.5-8 
2.5-8 
4-4.5 

8. 

-1 

»-8.5 

4-6 

S.6-8 



sPBcmo 

OBATTTT. 



ON CHABOOAL, 

BXFOBS THB 

BLOWPIPI. 



11.85 
6.8 

10.57 
19.8 
81.48 
6.8-7.8 
18.60 
0.76 
7Jn 
8.0 



Nitric or 
Muriatic 



Aqua regia 



Nitric and 
sulphuric. 



Aqua regia 

Aqua regia 

All adds. 

Nitric. 

mtric 



Muriatic. 
Sulphuric. 



nitria 



Fuses and 

gives a yellow 

coat. 

Fuses and 

gives off 

white fumes. 

Fuses, gives 

reddish coat 

with long 

blowing. 

Fuses to a 
button. 



Infusible. 



Oxidizes and 
gives a white 
coat 



YolatlliMs. 



tgifm an or- 

isge yellow 

coat. 

Oives metal- 
lic globule 
and white 
coat. 

Can be fused 
to a bead. 



FUSXBtLITT, 
CENTIOBADB 



9^ 



48SO 



1000* 



1800* 



In flame of 
ozy. h. Up. 



410» 



Solid at 
-88.5« 



868.8" 



888- 
1100- 



* Spedflc graTtty and melting-points taken from new edition of Watts- 
Dictionary of Cliemi^itrv. 
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Iron. 

Xaoganefle. 

Nickel. 

GolMilt. 

Carbon. 

Snlphnr. 



Gray, malle- 
able, mag- 
netic. 

Greyish- 
white, Drittle. 

Silver^white, 
malleable, 
magnetic. 

Steel-grey to 
red. mag- 
netic. 

Colorless to 
Black. 

Yellow, red- 
dish, green- 
ish, bnttle. 



HARDNX88. 



4-6 



9-10 



5-6 



Variable. 



l-«.5 



SPKCIPIC 
ORATITT. 



7.8 

7.80 
9 

&96 

Variable. 

8.08 



BBST SOL- 
VENTS. 



All acids. 



Nitric sul- 
phuric, ma- 
riatic. 



Nitric. 



Nitric 



Insoluble. 



Oil of Tnr- 
pentine,etc. 



OHOHABCOAL, 



Infusible. 
Infusible 
Infusible, 
Infusible. 



Infusible- 
bums. 

Melts and 
gives off sul- 
phurous acid. 



OBNTIGRADl. 



Hi^MBtbeat 
oi Forge. 

1800« 

1400* 

1800» 

lofoflibto. 
115» 



Remarks. — The value of the various metals changes 
according to the production and demand, save in the case 
of gold which has a standard value of twenty dollars and 
sixty-seven cents per Troy ounce in gold coin, when per- 
fectly pure ; the price being determined as follows : 

By the laws of the United States the comi)osition of the 
gold coins for every one hundred parts, by weight, is 90 
parts of pure gold and 10 parts of alloy. 

Eight hundred dollars in U. S. gold coin weighs 43 

9 
ounces Troy, -— - of this weight must, therefore, be pure 

QAA 

gold = 38.7 ounces. ^ = 20.6718 dollars ; this then is the 
38.7 

coin value of one ounce of pure gold. 

Before the immense production of silver dei)reciated 
the price of that metal, a similar calculation gave its value 
in gold coin per Troy ounce. No comparison, however, 
can now be made, the price of silver being variable. The 
value was deduced as follows : 

9 

$12.80 silver coin = 11 ounces Troy, — of this gives the 



pure metal = 9.9 ounces. 



12.80 
9.9 



= 1.2929 as the coin value 



of 1 ounce of pure silver. Comparing this with the value 
of 1 ounce of pure gold we have : 1.2929 : 20.6718 : : 1 : 16. 



246 



OBES — CHAHAOTEBISTIOS. 



ORES— CHARACTERISTICS. 

LEAD. 



Galena. 
Oenusite. 
ADglesite. 

Minium. 



Pyromo^ 
phite. 



OOMPO0ITIOR, 



PbS 
PbCO, 
PbSO^ 

Pb,0, 



^^tfcV 



Steel-gray. 

Variable. 

White 
tineed with 
yellow, etc. 

Red and 
yellow. 

Green, yel- 
low, brown, 
blue. 



8.5-2.7 
S--8.6 

8 
»-8 
8.6-4 



SPBCIFIO 
GBAYITT. 



7.4-7.7 
6.4 

4.6 
6-7 



80LUBIUTT. 
BOLYBirn. 



Nitric add. 

Nitric with 
effenreaoenee. 



Inflolable. 
Solnble. 
Soluble. 



OHOHAJtOOAI^. 



Gives off SOt 
andfiues. 

Crackaand 
fuaes. 

Oraokaand 
fuaea. 

Lead 
Globnlea. 



Foalble, lead 
coat. 



ANTIMONY. 



Native. 
Stibnite.' 
Ozidea. 



Sb 



Sb,S. 
SbaO, 



Tin-white. 

Lead-gray 
to blackiah. 

Variable. 



8-8.6 

8 
»-8 



6.7 
4.6-4.6 
&-6J» 



Hot 
mariatic. 



Soluble. 

Mariatic and 
aqoaregia. 



Fuses:, white 
tnmea. 

Fuses easily 
and gives* (»ff 
white fumes. 

Fuses 



SILVEB. 



Native silver 
and alloys. 
Compounds 

With S.As.Sb. 

Cl.Br.I.Te.Se 
etc. 



See page 849. 



Variable. 



Variable. 



Variable. 



Nitric acid 
and aaua re- 



Give, when 
fused on char- 
coal with soda 
and test lead, 

and the but- 
ton cupelled, a 
bead of silver. 



GOLD. 



Native and al- 
loya. Com- 
pnndfl with 
andSe. 



^ 



S«epage8B0. 



Generally 
yellow. 



8.6-8 



16-10 



Aqua regla. 



Fusible to a 

bead, better 

with borax 

glass. 



PLATINUM. 



Native and |Pb.Ir.AiLPd. 
alloys. etc. 



Whitish, 

blue and 

gray. 



4-4.6 



16-19.8 Aqua regia. Infoaible. 
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ZINC. 



omn. 


OOXFOfllTION. 


COLOR. 


HABDHVU. 


OBATITT. 


BOLUmLITT. 
BOLTKNT8. 


ON CHARCOAU 
BLOWPIPE. 


Blende. 


ZnS 


VarfahK 


8.5-4 


8.9-1 


Nitric, and 
giyes oft i]«S. 


Infusible. 

Reaction for 

dnc. 


Smltbsonite. 


ZnCO, 


White to 
brown. 


6 


4-4.4 


Nitric and 
other acids. 
Sfferyeaces. 


Infnsihle. 

Reaction for 

Einc. 


Calamine. 


Zn^K>,+ 


Variable. 


6 


8.8-«^ 


Geladnixes. 


Pneee with 
diificulty. Re- 
action for zinc 


WUlemite. 


ZnSiO, 


Onsen, 
red, yellow, 

gray. 


S.6 


8.&-4 


Mnriaticadd. 


Fnaible with 
difficulty. 
Zinc coat. 


Zincite. 


ZttO 


Bed. 


4-4.5 


5.4-6.8 


AUadda. 


Infnaible. 

Reaction for 

sine. 



Mercory. 
Cinnabar. 

Calomel. 



HgS 
Hg,Ci, 



Tin-white. 
Red. 



White to 
blown. 



MEBCURT. 
—1 

2-^.5 

1-a 



18.5 

ai 

0.4 



Nitric acid. 
Aqua regia. 

Aqoaregia. 



VolatUe. 

VolatUe,eive8 
fumes BOt 

Volatile. 
White coat 



BISMUTH. 



NatiTe. 
Cnde. 
Sulphide. 
Arsenide.^ 



Sometimes 
withCn.Pb. 



Reddish to 
white. 

Variable 
when com- 
bined. 



When pure 
metaH. 
»-8.5 

Variable. 



When pnre 

metal. 

».7 

Variable. 



Nitric and 

muriatic 

adda. 



EaaUy fusible. 

Volatile, giv 
ins orange- 
yeUow coMt. 



TIN. 



Casaiterite. 
Stannite. 



SnO, 



Variable. 



Steel gray 
to black. 



6-7 



6.8-7.1 



Insoluble. 



Aqua regia. 



Infusible. 

Reaction for 

tin. 

Gives fumes 
of sulphurous 
acid and fusee 



COPPER. 



Native and al< 
loys, ozldiaed 
ores and com- 
pounds, with 
8.As.Sb., etc. 



See page 88. 



Variable. 



8-4.5 



Ti^' 



Nat 
ores, 



Nitrieadd. 



Fusible or re- 
ducible to me- 
tal, reaction 
for copper. 
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moN. 



Hflgoettte. 
He 



LImonite. 
Sidezite. 



Menaocaidte 
(Dmenite). 



Frankllnlte. 

Pyrlte. 

Pyrrhotite. 
Cluomite. 



OOllPOBinOH. 



Pe,04 
Fe,0, 

"^ 

FMX>g 

FeTiq,+ 
nFoaOt 

(FeOtZnO, 

liiiO)(Fe,0, 

Mii,0,) 

Fe,8, 
FeCrt04 



Black. mAff* 
neba 



Red to 
black. 



Daik- 



Variable. 

Iron-black, 

slighUy 

magneoc 

Black. 



YeUow. 

YeUow. 

Black. 



&.5-0JS 
fr-A.6 



8.5-4 

5-6.6 

8.6-4.6 
6^ 



4.0-6J 
4.9-6.8 

8.6-4 
8.7-8.9 
4.6-6 

6.1 

4.9-6J 

4.6 
4U^-4.6 



eOLUBIUTT. 
80LTSHT8. 



Muriatic and 
aquaregia. 



OH CHAB0OAI«» 
BBTORBTHB 
BLOWPIPB. 



Morlaticand 
aqoarogia. 

Muriatic, 
warm. 

Soluble with 
eflerveecence 
in hot aclda. 



Aqaaregla. 



Warm muri- 
atic. 



Nitric acid. 



Nitric add. 
Inaolnble. 



Infnaibie. 

Infusible, be- 
zels mag- 
netic. 

Infosible, be^ 
comes mag- 
netic. 

Infa»ible, be- 
comes mag- 
netic. 

Infusible. 



Infusible, 

reaction for 

zinc. 

Gives off 80ft 

and becomes 

magnetic. 

I^ses. 

Magnetic 
Globules. 

Infusible. 



Oxidised ores. See page 171. 



MANGANESE. 



Dark-brown 
toblack. 



8-6 



Cone murl- I Infusible, 
atic ; gives off Reaction for 
CI. i manganese. 



NICKEL AND COBALT. 



NicooUte. 



Millerlte. 



Smaltite. 



Cobaltite. 



NIAb 



NiS 



(Oo.Fe,Ni)A8t 

OoS,-{-CoAs, 

Co^4 



Oopper-red. 



Brass or 
bronze-yel- 
low. 



Tin-wbite 
to gray. 

Silver-white 
to gray. 



Yellow. 



6-6JJ 



8-8.6 



6J»-6 



6.6 



6.6 



74Mr.6 



6.4-6.6 



6-6.8 



4.8-6 



Aqaaregla. 
Green solu- 
tion. 



Aquaregia. 



Nitric acid. 
Pink sol. 



Nitric add. 



Nitric add. 



Fuses with 

odor of As. 

Reaction for 

Nl. 

Fuses to a 
brittle mag- 
netic globiue.. 
Reacaon for 
Nl. 

Gives off As, 
melts, and re- 
action for Co.. 

Gives off As, 

and becomes 

magnetic. 

Fusible. 

Reaction for 

cobalt. 
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CARBON. 



00MF08ITI0N. 



flPEcinc 

ORATITT. 



SOLUBILITY. 
SOLVENTS. 



ON OHABCOAL, 
BBFOBB TBB 
BLOWPIFB. 



Diamond, 

Graphite. 

Coals, Ligmte 

and Wood. 



Pure to vari- 
able. 



Colorless to 
black. 



Variable. 



Variable. 



loBolnble. 



Barn, leaving 
an ash, save 
in the case of 
the diamond. 



Snlphnr 

and 
Sulphides. 



SULPHUR. 



Variable. 



Yellow, 
when pore. 



Variable. 



Variable. 



When pure, 

in bl-sufphide 

of carbon, 



Melt and 

bnm, giving 

off SO, iu 

most cases. 



SILVER— ORES AND MINERALS. 

MineraL Composition. Per Cent, of SiWer. 

when pure. 

Naumannite. . AgjSe 73.2 

Eucairite CujSe + AgaSe 43.1 

Hessite AgaTe 63.3 

Petzite (Au,Ag)3Te (Variable,) 42.0 

Sylvanite . . . (Au, Ag)Te8 10tol5 

Silver Glance. Ag^S (Argentite) 87.1 

Stromeyerite..Ag2S + CugS 53.1 

Sternbergite...AgFeA 34.2 

MiargyTite....Ag2S + Sb2S8 36.9 

Pyrargyrite...3Ag2S -^-ShSs 59.9 

Proustite.....3Ag2S+As8S8 66.4 

Stephanite. . . .5AgaS + SbjSs 68.5 

Xaiithoconite.3Ag2S, AS2S5... 61.4 

Polybasite. . ..9(AgaCu)S + (Sb, As^S^ 75.6 

Tetrahedrite j (Cu, Ag)8S + (Sb, As, Bi)2S8 + ) 
(Fahlerz) | (Fe, Zn, Hg)S f •- 

Fireblende .... Ag3SbS8(Py rostilpnite) 59.9 

Freieslebenite.(PbAg2)6Sb4Si{ 24.5 

Cerargyrite . . . AgCl 75.3S 

Bromyrite AgBr 67.4 



Variable 
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EmboUte. Ag(Cl,Br) 61 to 71 

lodyrite: Agl 46 

Minerals often containing silver in small quantities : 

Galena PbS 

Blende (Sphalerite) ZnS 

Pyrite FeS, 

Chalcopyrite CuFeS, 

Bomite Cu,FeS, 

Mispickel (Arsenopyrite) FeSj , FeAS} 

Altaite PbTe 

Clausthalite PbSe 

Nagyagite, variable (Pb,Au,SbXTe,S), 

Chiviatite 2PbS, 3Bi,S, 

D uf renoysite 2PbS, As,S, 

Enargite SCojS, AsjSj 

Slags, etc. 

Cupel Bottoms, Dross, Litharge, Sweeps, etc. 

SILVER — ALLOYS. 
Alloy. ComposlUon. P-,^„ 8|J-' 

Native Silver AgAu (generally), variable 

Native Gold AuAg. lto35 

Native Copper CuAg sometimes 10 

Chilenite Ag^Bi 60. 1 

Bismuth Silver Ag— Cu— As— Bi 60 

Dyscrasite (Antimonial Silver)... AggSb 72.9 

Amalgam AgHg 36 

" Ag,Hgs 26 

Arquerite Agi^Hg 86.5 

Artificial Alloys, Silver Coin, Jewelry, etc. 

GOLD — MINERALS. 

Sylvanite (Graphic Tellurium) (Au, Ag)Te2— Au 24— Ag 18.4 
Krennerite (Calverite) AuTe, — Au, variable 

^'Tfumf ''"^*'^ '^"^' 1 %ts),^^^ } Au 7 to 12 

Petzite (AgAu)2Te Au 26.5— Ag 42 
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GOLD— ALLOYS. 

Native Gold AuAg— Au 65 to 99 

Palladium Gold (Porpezite) AuPd— Au 85.98— Ag 4.17 

Rhodium Gold AuRd— Au 59 to 66 

Gold Amalgam (Au, Ag)4Hg5— Au 38.39— Ag 5 

Artificial Alloys, Gold Coin, Jewelry, etc. 

The preceding list does not include all of the rare min 
erals of gold and silver ; for these the reader is referred to 
Dana's System of Mineralogy. 

WEIGHT OF ONE CUBIC FOOT, AND VOLUME OF ONE TON, 

OF SOME IMPORTANT MINERALS. 

1 cubic foot of waler == 62.4 lbs. 



Qoartz 

ArgeDtite 

(Silver Glance.) 

Pyragryrite 

(Ruby Silver.) 

ProuBtite 

(Light Ruby Silver.) 

Stephanite 

(Black Silver.) 

Oerarg3rTite 

(Horn Silver.) 

Stibnite 

( AntimonyGlance. ) 

Cinnabar 



WBIOHT 

OF CUBIC 

FOOT. 


CUBIC 
FBBT IN 
ONB TOM. 


164 lbs. 


12.10 


464 " 


4.40 


868 " 


6.61 


860 " 


6.71 


890 " 


6.18 


828 " 


6.10 


285 " 


7.02 


606 •• 


806 



Chalcopyrite , 

(Copper Pyrites.) 

Tetrahedrite 

(Gray Copper.) 

Galenite 

(Galena.) 

Sphalerite 

(Blende.) 

Pyrite 

(Iron Pyrites.) 

Limestone 

(Calcite.) 

Kaolin 

(Clay.) 



WBIOHT 

OF CUBIC 

FOOT. 


262 lbs. 


800 " 


468 " 


260 " 


818 '• 


170 " 


162 " 



CUBIC 

PBBT IN 

ONBTON. 



7.68 

6.66 
4.27 
8.00 
6.20 
11.76 
12.84 



NoTB.— The values given above are for the pure minerals, and can be ob* 
tained by multiplying the weight of one cubic foot of water by the specific 
gravity of the mineral ; the product = the weight of a cubic foot of the min- 
eral or 0X6; 2000 divided by this = volume of one ton. 
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COINS OF THE UNITED STATES. 

(By Act of Ck>Dfrrea8, February lit, 19i8.) 
GOLD COINS. 



DenomiDotloD. 


Weight. 


FloeoMi. 


Dollar, unit of value 
Quarter Eagle, $2.60 

Three Dollars 

Half Eagle, $6 

Eagle, $10 


25.8 grains 

64.6 " 

77.4 " 

129.0 " 

268.0 " 

616.0 " 


900 


Double Eagle, $20.. 





Dollar. 

Half Dollar, 60c. 
Quarter " 25c. 
Dime, 10c. 



Five-cent piece. 
Three " " . 
One " " . 



SILVER COINS. 

412.6 grains 
192.0 " 
96.0 " 
88.4 " 

MINOR COINS. 

77.16 grains 
32.0 " 
48.0 " 



900 

ii 
ii 



Cu 76j<, Ni 26j< 

ii ii ii (4 

Cu 96^, Sn and Zn 
5j<, (3j< Sn, 2fl Zn> 



FOREIGN COINS. 



Austria. 

Prance 

German Empire 
Great Britain. 
Russia 



Gold. 


FineneBs. 


Gulden 


900 


Franc 


900 


Mark 


900 


Sovereign 


916.667 


Dukat 


916.667 



SIlFer. 



Gulden 
Franc 
Mark 
Crown, Shilling 
Rouble 



Finenen. 



900 
900 
900 



868.06« 



MEASURES OF WEIGHT AND VOLUME. 

AVOIRDUPOIS WEIGHT. 
Used for weighing base metals, as lead, antimony, tin, etc 

16 Drams (dr.) make 1 ounce marked oz. 

16 Ounces make 1 pound ** lb. 

25 Pounds make 1 quarter " qr. 

4 Quarters make 1 Hundred-weight. " cwt. 

20 Hundred-weight make 1 ton " t 

TROY WEIGHT. 
Used for weigbing predous metals, as gold, sllTer, ete. 

24 Grains (gr.) make 1 pennyweight . . . 

20 Pennyweights make 1 ounce 

12 Ounces make 1 pound 



« 


dwt. 


ii 


oz. 


ii 


lb. 
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FRENCH OR DECIMAL WEIGHTS. 
Used in welffhin^ all metals. 

10 Milligrams (mg.) make 1 centigram marked eg. 

10 Centigrams make 1 decigram " dcg. 

10 Decigrams make 1 gram " gm. 

10 Grams make 1 decagram. ... *' dkg. 

10 Decagrams make 1 hectogram. ... " hg. 

10 Hectograms make 1 kilogram " kg. 

10 Kilograms make 1 myriagram... . " myrg. 

The unit of the system is the gram = 16.438396 Troy 
grains, or the weight of 1 c.c. distilled water at 4** C. 

ASSAY WEIGHTS. 

,, ,^. , C 4 Assay Tons = 116.66666 grams. 

^^^^'Vles |2AssayTons= 68.33333 " 

Unit . . . .The Assay Ton (marked A. T.) = 29.16666 

f i Assay Ton = 9.7222 



Subdivisions. 



I '' " = 4.8611 

tV " " = 2.9166 

[^ " " = 1.4683 

LIQUID MEASURE — UNITED STATES. 

4 Gills (gi.) make 1 pint marked pt. 

2 Pints make 1 quart " qt. 

4 Quarts make 1 gallon " gaL 

LIQUID MEASURE — FRENCH. 

10 Milliliters (ml.) make 1 centiliter marked cl. 

10 Centiliters make 1 deciliter " del. 

10 Deciliters make 1 liter " 1. 

10 Liters — make 1 decaliter " dkl. 

10 Decaliters make 1 hectoliter " hi. 

10 Hectoliters make 1 kiloliter " kl. 

The unit is 1 liter ^ 61.0295688 cubic inches, or 2.1134 
pints (1.760773 imperial pints.) 
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CUBIC MEASURE. — ENGLISH. 

1728 Cubic inches (c. in.) make 1 cubic foot, marked cu. ft. 

27 Cubic feet make 1 cubic yard " c. yd. 

16 Cubic feet make 1 cord foot.. " c. ft. 

8 Cord ft. or 128 cu. ft make 1 cord. " c. 

CUBIC MEASURE. — FRENCH. 

1000 Cubic centimeters (c. c.) make one cubic decimeter or 

litre, marked 1. 
1000 Cubic decimeters make 1 cubic meter or kiloliter, 
marked kl. or cu. m. 
Otherwise the cubic measure is the same as liquid. 

COMPARISON OF UNITS. 

1 Meter =39.37079 inches. 

1 Are =(393.7079)«=165005.91 sq. inches. 

1 liter =(3.937079)*=61.027 cubic inches. 

1 Pound Avoirdupois... =7000 grains Troy. 

1 Pint, U. S =28.875 cubic inches. 

1 English ton (2240 lbs.) =15, 680, 000 grains. 
1 Short ton (2000 lbs.). . =14,000,000 grains. 



SPECIFIC GRAVITY. 

The specific gravity of a body is the weight of that body 
as compared with the weight of an equal volume of another 
body, assumed as a standard. 

The standard for solids and liquids is distilled water ; 
for gases and vapors, dry air and sometimes hydrogen. 
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All determinations must be made at known temperatures ; 
this for solids and liquids is 60** P. or W.b'' C. 

Guses and vapors may be observed at any known temper- 
ature, and the volume reduced by calculation to what it 
would be at 0° C. 

FormulfiB for the determination of the specific gravity of 
solids and liquids : 

a. Solids. 

1. The substance is heavier than water, and insoluble in 
it. Weigh it in air and then in water : 

Let the weight of the substance in air=W. 

Let the weight of the substance in waters W. 

W 

The specific gravity =™ — ™- 

2. The substance is heavier than water and insoluble 
in it : 

Fill a flask to any fixed mark on the neck, with water, 
and weigh ; the weight= W. W= weight of the substance. 
Place it in the flask and reduce the water to the same level, 
then weigh the flask, plus substance and water left. Let 

this weight= W. 

W 

The specific gravity=- 



(w+wo-w^ 

8, The substance is heavier than water, but in fragments, 
and is insoluble. Use the same method as in 2. 

4. The substance is heavier than water, but soluble in it: 

Weigh in some liquid of known specific gravity in which 
it is insoluble, in place of water. Calculate as follows : 

Weight of substance in air=W. 

Weight of substance in liquid=W'. 

Specific gravity of liquid =S. 

Specific gravity of water =1. 
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The Uquid displaced=W- W'=X. 

Then S is to 1 as X is to W'^=the water that would have 

been displaced. 

W 

The specific gravity= ™^ 

5. The substance is insoluble, but lighter than water : 
Weight of the substance in air=W. 

Then weigh in water with a piece of lead attached to 

sink it. Let this= W. 

Weight of the lead alone in water=W*' 

W 
The specific gravity == YT+ly^rZW^' 

6. The substance is soluble, but lighter than water. 

Use the process by the flask as in 2, but substitute ben- 
zine or turpentine for water. 

Weight in air = W ; in liquid = W'. Specific gravity 
of Uquid = S. Water = 1. W-W'=W = liquid dis- 
placed. S is to 1 as W' is to X = the water that would 

W 

have been displaced. Specific gravity = -^ 

b. Liquids. 

Three methods may be employed. 

1. By the specific gravity bottle. This is a thin glass 
fiask with a hollow stopper, so as to allow the insertion of 
a thermometer. 

Weight of the flask = W. 

44 44 44 44 fiUed with Water = W'. 

" " " " '' " the liquid = W". 
^V''— W 
Specific gravity = ^T^W 

2. By weighing some body first in water and then in the 
liquid. 

The body weighed in air = W. 
" '' " '' water = W'. 

*' " " '' liquid = W". 

W" — W 

Specific gravity = ^^——^ 
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3. By means of the hydrometer, which is an instrument 
that, placed in a liquid, shows its specific gravity by direct 
inspection. Its action depends upon the simple principle 
that a floating body displaces its own weight of liquid. 
Hydrometers vary in construction according to the pur- 
poses for which they are to be used, but are generally made 
of light glass tubes with bulbs, blown in a single piece ; the 
weight desired being given by means of small shot or mer- 
cury placed in the bulb at the lower end, which is after- 
wards carefully sealed. 

The graduation may be made according to the true scale 
j)f specific gravities or arbitrarily ; the first is, of course, 
most desirable and generally employed. For commercial 
purposes the Baume scale is often used ; it is ai'bitrary, and 
is determined by marking the point to which the instrument 
sinks in pure water "0," and the point to which it sinks in 
a solution of 16 parts of salt in 85 of water at 12.6**C, " 15," 
the interval being divided into 15 equal parts. For liquids 
lighter than water a 10^ solution of salt gives the zero 
point while distilled water gives the 10 point. (See tables.) 

Twaddle's hydrometer gives the specific gravity by a 
simple calculation: on this 200° represent the densities 
between 1 and 2 and 1° represents a difference of specific 

gravity of 0.005; hence the sp. gr = 1 + Hli?^^^). 

2(a) 

4. The Westphal balance is a very accurate apparatus 
for the rapid determination of the specific gravity of 
liquids. It consists of a graduated brass beam set on knife- 
edges, from one end of which is suspended a fioat. The 
liquid to be tested is placed in a glass cylinder about 6 
inches high, the float introduced, and weights placed on the 
beam until it is level ; the specific gravity is then read from 
the weights used. The weights are arranged so that each 
size gives the figure for a decimal place. 
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BAUHE HYBKOHETEK TABLE. 



table of comparison— degrees op the 
baumE hydrometer and specific 

GRAVITY* 

TABLE FOR LIQUIDS HEAVIER THAN WATER. 



DBORBBS 


8PB0IFIC 


DBOREBS 


8FBCIFIC 


DBORBBS 




BAUMt. 




BAUICt. 


ORATIT7. 


baumA. 


ORAYITT. 





1.000 


26 


1.206 


52 


1.520 


1 


1.007 


27 


1.216 


53 


1.535 


2 


1.013 


28 


1,226 


64 


1.551 


8 


1.020 


29 


1.286 


55 


1.567 


4 


1.027 


80 


1.246 


56 


1.583 


5 


1.084 


81 


1.256 


57 


1.600 


6 


1.041 


82 


1.267 


58 


1.617 


7 


1.048 


83 


1.277 


59 


1.634 


8 


1.066 


84 


1.288 


60 


1.652 


9 


1.068 


85 


1.299 


61 


1.670 


10 


1.070 


86 


1.810 


62 


1.689 


11 


1.078 


87 


1.322 


63 


1.708 


13 


1.086 


38 


1.838 


64 


1.727 


13 


1.094 


89 


1.845 


65 


1.747 


14 


1.101 


40 


1.867 


66 


1.767 


15 


1.109 


41 


1.369 


67 


1.788 


16 


1.118 


42 


1.382 


68 


1.809 


17 


1.126 


43 


1.395 


69 


1.831 


18 


1.184 


44 


1.407 


70 


1.854 


19 


1.148 


45 


1.421 


71 


1.877 


20 


1.152 


46 


1.434 


72 


1.900 


21 


1.160 


47 


1.448 


73 


1.924 


22 


1.169 


48 


1.462 


74 


1.949 


23 


1.178 


49 


1.476 


75 


1.974 


24 


1.188 


60 


1.490 


76 


2.000 


25 


1.197 


51 


1.505 







TABLE FOR LIQUIDS LIGHTER THAN WATER. 



DBGRBBS 


SPECIFIC 


DBORBBS 


BPEcnnc 


DBORBBS 


SPBCIFIO 


BAUMft. 




BADMi. 


OBAVITY. 


BAUMt. 


GRAVITY. 


10 


1.000 


27 


.896 


44 


! .811 


11 


.993 


28 


,800 


45 


i .807 


12 


.986 


29 


.885 


46 


1 .802 


18 


.980 


80 


.880 


47 


' .798 


14 


.973 


31 


.874 


48 


.794 


15 


.967 


82 


.869 


49 


.789 


16 


.960 


83 


.864 


50 


.785 


17 


.954 


34 


.859 


51 


1 .781 
I .777 


18 


.948 


85 


.854 


52 


19 


.942 


86 


.849 


63 


.773 


; 20 


.936 


87 


.844 


54 


.768 


21 


.930 


38 


.839 


55 


.764 


22 


.924 


39 


.884 


66 


.760 


23 


.918 


40 


.830 


57 • 


.757 


24 


.918 


41 


.825 


58 


.753 


26 


.907 


42 


.820 


69 


.749 


26 


.901 


43 


.816 


60 


.745 



* Crooke'8 Select Meibods, p. 
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THERMOMETERS. 

Three scales are now in general use. These are : 

1. Centigrade— C. Water freezes at 0°, boils at 100°. 

2. Fahrenheit-F. " " 32°, " 212°. 

3. Reaumur-R. " " 0°, « 80°. 

To CoNVEET-P. to C. g(F-°-^°) =C. 



C. to F. ~ +32°=F.° 


R.toF. ®-$:-° +32°=F.° 



FormuItB. 



TABLE OF VALUES FOR GRAIN WEIGHTS. 



S&« i 


3-? 


g 


S|SS| w§ 


g 


»I5 


^§ 


g 


t 


1 5* 1 
1^' 


1 


1 


r|l i 

' go 
: 53 




< 

i 




3^ 

it 

ga 

il 


5* 
t 






S 


iH 


i 


I 


? 




: g.a 


S: 


s 


:aa, 


s 


p< 


: aa 


: S 


s 


.001 1 


1.21 


$85.11 


7 * 


14.96 


$989.19. 


8 


88.60 


$ 1,888.87 


2 1 


2.48 


50.28 


8 


16 17 


954.48 


1 4 


89.91 


1,858.59 


8 


8.04 


75.84 


9 ' 


17.88 


fr9 48 


5 


91.18 


1,888.60 


4 


4.86 


100.46 


.040 


18.60 


U»ii i\5 


1 6 


98.84 


1.908.88 


, 5 


6.07 


125.48 


1 


19.81 


iyiK'u ^■^ 


7 


98.55 


1,933.88 


! 6 


7.29 


150.70 


2 1 


51.08 


l,tr,.j >8 


8 


94.77 


1,959.05 


7 


8.50 


175 71 


8 


52.24 


l,t'-|* .-.B 


9 


95.98 


1,984.06 


8 


9.72 


800.98 


4 


58 46 


1,M.K^ Jl 


.080 


97.80 


8.009.28 


9 


10.98 


a».94 


5 


54 67 


l,l:yi 12 


1 


98 41 


2,084.29 


.010 


12.15 


851.16 


6 


55.89 


l,r.-, ;.4 


8 


99.68 


2,059.51 


1 


18.89 


876.17 


7 


57.10 


l,ls* ;>A 


8 


100.84 


2,084.52 


2 


14.58 


801.89 


8 


58 88 


l.-J^c. .-7 


4 


102.06 


2,109 . 74 


8 


15.79 


826.41 


9 


59 58 


l,i^,i. S 


5 


108.87 


2,184.75 


4 


17.01 


851.68 


.060 


60.75 


l,'2.-,r, K) 


6 


104.49 


2.159.97 


6 


18.22 


876 64 


1 


61.96 


l,-:^f si 


7 


106.70 


2,184.98 


A 


19.48 


401.65 


2 


68.18 


1,'ii.- 1 6 


8 


106.98 


2,210.20 


7 


90.66 


426.87 


8 


64 89 


1,-tiJ >M 


9 


108.18 


2.235.21 


8 


21.86 


451.88 


4 


65.61 


l,:^-n^. 'J6 


.000 


100.86 


8,860.48 


9 


28.08 


477.10 


5 


66.82 


l,:i^l J7 


1 


110.66 


8.885.44 


.020 


84.80 


602.88 


6 


68.04 


1, t"*. 49 


8 


111.78 


2.810.66 


1 


85.51 


687.84 


7 


09.25 


l.-s^^i ro 


8 


118.99 


2,835 67 


2 1 


28.73 


662.66 1 


8 


70.47 


Ijr.i, 78 


4 


114.81 


2,860.89 


8 


27.94 


577.57 


9 


71.68 


1 l.i^.l 78 


6 


116.48 


2,885.90 


4 


29.16 


608.79 


.060 


78.90 


' L.v^ti 1» 


6 


116.64 


2,411.12 


5 


80.87 


687.80 


1 


74.11 


l.v;! :I0 


7 


117.85 


8,486.18 


6 


81.59 


658.08 


8 


75.88 


1 18 


8 


119.07 


8,461.85 


7 


82.80 


678.08: 


8 


76.54 


1 19 


9 


180.88 


8,486.86 


8 


»4 02 


708.86 


4 


77.76 


1 U 


.100 


181.60 


8,611.68 


9 


85.28 


728.86 


6 


78.97 


1 18 


.800 


848.00 


5,088.86 


.080 


86.45 


758.48 


1 6 


80.19 


1 »4 


.800 


864.50 


7,181.77 


1 


87.66 


778.60 


7 


81.40 


1 J6 


.400 


486.00 


10,046.60 


2 


88.88 


808.72 


8 


83.62 


i;m: s7 


.500 


607.60 


, 16,658.18 


3 


40.09 


828.78 


9 


88.88 


l.f^e S8 


.600 


729.00 


14,868.66 


4 


41.81 


858.95 


.070 


85.05 


1 - 18 


.700 


850.50 


17,681.87 


6 


42.62 


878.96 


1 


86.86 


i,:c^.i4 


.800 


978.00 


80,008.00 


6 


48.74 


904.18 


8 


87.48 


1,808.36 


.900 


1,098.60 


88,604.61 




1 










' 


1000 


1.215.00 


85,116.86 
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GENERAL STYLE OF REPORT. 



MULTIPLICATION TABLE FOR GOLD. 



20.67X1=20.67 
20.67X2=41.34 
20.67X3=62.01 



EzAMFLB.— Suppose an ore gare on assay 
218.6 02., then 



20.67X4= 82.68 20.67x7=144.69 

20.67X5=103.36 20.67X8=165.36 

20.67X6=124.02 20.67x9=186.03 

94134 
206.7 
165.86 
12.402 added wUl give 



14518.462 per ton of 2000 lbs. 



GENERAL STYLE OP REPORT. 

(Certificate.) 



New York,. 



.18 



Dear Sib : 



The sample of- 



From- 



Marked- 



.for examination, containsu. 



To 



Very respectfully, 



Fill in Sampled or Submiiied, 



QUANTITATIVE REPORT. 

QUANTITATIVE REPORT. 
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vFor Reference.) 



New York,. 



Report of 
Analysis of 

Determination of 
Weight taken 
Method of Analysis. 



.18 



Precfpitates. 



Actual 
Weights. 



Weights. 



Special Bemarks 
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BASE METALS — CRUCIBLE ASSAY BKPORT. 
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IRON— CRUCIBLE ASSAY. 



Ore — Marked 

. Mineral Character 
Composition 
Alumina 
Silica 
Lime 

Charge — Ore 
Silica 
Lime 
Glass 
Kaolin 
Fluorspar 



In fire — 
Slag, Color 

Appearance 
Button, Wt. 

Character 

Remarks 



per cent. 



JSo.1. 

Gms. 


No. 2. 
Gms. 


Hours. 


Hours. 






Gms. 


Gms. 



Assay 
No. 1 
No. 2 



Average 
Sample Averaged on 

Dated 
No. 



REPORT. 



per cent Iron. 



li 
ii u 



lbs. Ore 



Signed 
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SILVER AND GOLD— CRUCIBLE ASSAY REPORT. 



SILVER AND GOLD— CRUCIBLE ASSAY. 



Ore— Marked 

Mineral Character 
Reducing Power 

Charge — ^Ore 

Litharge 

Carb. Potaah or Soda 
Borax Glass 
Silica 

Charcoal or Argol 
Nitre 
Salt 
In fire — ^to fusion 

after fusion 
Slag, Color 

Appearance 
Lead Button, Wt. 

Character 
Scorification — ^Fluxes 

Wt. after Ist 
*' 2nd. 
Oupellation — Silyer and Qold 
Qold in Ore 
Silver 

Silver in Litharge 
Silver in Ore 

Remarks 



(hn8.= 



Gms. Lead. 



No. 1. 

A.T. 


Ko. 2. 

JLT. 

<< 


(( 


it 


(< 


(| 


(< 


(( 


Gms. 


Gms. 


it 


<< 


Mts. 


Mto. 


Gms. 


Gms. 


Gms. 
«< 


Gms. 


Mgs. 


MgB. 


(1 


a 


<l 


If 


«l 


it 



REPORT. 
Contained in 2,000 lbs. Ore 



Assay 
No. 1. 
No. 2. 

Average 

Sample Averaged on 

Dated 



Gold 
oz. 
oz. 


Silver 
oz. 
oz. 


Total 
oz. 
oz. 


Gold 
$ 


Silver 
$ 


Total 


oz. 


oz. 


oz. 


$ 


$ 


$ 



Ore 



Signed 
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^ SILVER AND GOLD— SCORIFICATION ASSAY. 

Ore — Marked 

Mineral Character 



Charge— Ore 

Test Lead 
Borax Glass 
Silica or Glass 
No. of Scoriflers 
Scorificution 
Slag— Color 
Appearance 
Button — C iiaracter 
Weight 

*' after 2iid Scor. 
** 3rd ** 
ii 4th ** 
.t 5th ** 

Cupel lation— Silver and (Jold 
Gold in Ore 

Silver 

Silver in Test Lead 
Silver in Ore 

Remarks 



No. 1. 


No. 2. , 


A.T. 


A. T. 


Gms. 


Gms. 


<i 


n 


t( 


ti 


Gms. 


Gms. 


<i 


<( 


<< 


(< 


(i 


<< 


Mgs. 


Mgs. 


<f 


.< 


(( 


c. 


If 


i< 


<( 


«( 



Assay 
No. 1. 
No. 2. 



REPORT. 



Contained in 2,000 tt)s. Ore. 



Gold 
oz. 
oz. 



Average 

Sample Averaged on 

Dated 
No. 



oz. 



Silver 
oz. 
oz. 



oz. 



Total 
oz. 
oz. 



oz. 
Ore 

Signed 



Gol 


d 1 Silver 


Total 


$ 


^ 


$ 


$ 


1 $ 


1 


$ 


l« 


> 
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GOLD BULLION ASSAY. 
Alloy — Marked 



Copper Assay 
Bullion 
Lead 

Gold and Silver 
Base metal 

Assay proper 
Cupellation 
Bullion 
Silver 
Lead 
Copper 

■ Parting 
Cornet 
Surcharge 
Gold 

Remarks 



No. 1. 


No. 2. 


Mgs. 
Gms. 


Mgs. 
Gms. 


Mgs. 

4( 


Mgs. 


Mgs. 


Mgs. 


Gms. 


Gms. 


(( 


(( 


Mgs. 

ii 


Mgs. 


U 


U 



REPORT. 



Assay 
No. 1. 
No. 2. 
Average 

Dated 

No. 



Gk>ld. 


Silver. 


Base Metal 


Fine 


Thds. 


Thds. 

ii 


(( 


(( 


ii 



Signed 



SILVER BULLION ASSAY REPORT. 

SILVER BULLION ASSAY. 
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Alloy — ^Marked 

Cupellation 
Bullion 
Lead 
Silver 

Correction for Loss 
Fineness 

Volumetric Assay 
Bullion 

Normal Salt solution 
Decimal '' " 

Total 
Decimal Silver solution 

Total Salt 
Equivalent in Silver 

Fineness 

Remarks 



No. 1. 


No. 2. 


Mgs. 


Mgs. 


Gms. 


Gms. 


Mgs. 


Mgs. 


(( 


a 


Gms. 


Gms. 


100. CO. 


100. c.c. 


u 


u 


u 


u 


ii 


u 


a 


u 


Gms. 


Gms. 


Thds. 


Thds. 



Assay 

No. 1. 
No. 2. 


REPORT. 

SUver. 

Fine. 


Copper, &c 
Thds. 


Average 


a 


u 



Dated 



No. 



Signed 



268 TABLE OF SOLUBILITIES. 



SOLUBILITY OP COMMON ELEMENTS AND COM- 
POUNDS. (ALPHABETICALLY ARRANGED.) 

{Taken from Comey*8 Dictionary of SolvMLities.) 

Aluminum (Al). Easily soluble in HCl, dilute or con- 
centrated, hot or cold. Insoluble in cold dilute HjSOi, sol- 
uble in hot concentrated H2SO4, slightly soluble in HISTOg^ 
soluble in caustic alkalies. 

Aluminum hydroxide (Al2(0H)e). Insoluble in water, 
soluble in acids when recently precipitated, soluble in fixed 
alkalies, slightly soluble in NH4OII, insoluble in NH4CI. 

Aluminum oxide (AI2O3). Ignited practically insoluble 
in acids. 

Aluminum potassium sulphate (KA1(S04)2, I2H3O) 
(alum.) Soluble in 6 parts of water. 

Ammonium chloride (NH4CI). Soluble in 3 parts cold, 
1 part hot, water. 

Ammonium carbonate (commercial). Soluble in 4 parts 
water. 

Ammonium magnesium phosphate (NH4MgP04, 6H2O). 
Insoluble in water containing ammonia, soluble in acids. 

Ammonium nitrate (NH4NO8). Soluble in i part water. 

Ammonium sulphate (^114)2804). Soluble in 1.3 parts 
water. 

Antimony (Sb). Insoluble in HCl out of contact with 
air, insoluble in dilute or concentrated H2SO4 cold, soluble 
in hot concentrated H2SO4, oxidized by nitric acid but not 
dissolved, soluble in aqua regia, insoluble in alkalies. 

Antimony oxides (Sb406, Sb204, SbgOs) are insoluble in 
water, soluble in HCl, soluble in concentrated alkalies. 

Antimony trisulphide (SbjSg). Insoluble in water and 
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dilute acids, soluble in concentrated HCl, easily soluble 
in dilute KOH, NaOH, {NB.,)S, K^S. 

Arsenic (As). Insoluble in water, dilute HCl, dilute 
H2SO4, oxidized by concentrated H2SO4, HNOa and aqua 
regia. 

Arsenic trioxide (AS4O6). Almost insoluble in water, 
easily soluble in alkali hydrates and carbonates, slightly 
soluble in acids. 

Arsenic trisulphide (AsSs). Insoluble in water, dilute 
acids, and concentrated HCl ; decomposed by HNOg or aqua 
regia, easily soluble in caustic or carbonated alkalies. 

Barium carbonate (BaCOs). Insoluble in cold water, 
soluble in HgCOs-Aq, easily soluble in dilute acids. 

Barium chloride (BaCl3,2H30). Soluble in 3 parts water, 
less soluble in dilute HCl. 

Barium chromate (BaCr04). Insoluble in water and in 
potassium dichromate (KjCrjO?) solution, soluble in HNOs, 
HCl, and chromic acid (HgCrOi). 

Barium sulphate (BaS04). Insoluble in water, very 
slightly soluble in HNOs, insoluble in dilute HCl or KOH, 
slightly soluble in a hot acid solution of Fe^Cle. 

Bismuth (Bi). Not attacked by water or HCl in absence 
of oxygen, or by dilute H2SO4; easily soluble in dilute 
nitric acid or aqua regia. 

Bismuth trisulphide (BigSg). Insoluble in water, soluble 
in dilute HNOg and concentrated HCl, insoluble in alkalies 
and almost insoluble in alkaline sulphides. 

Cadmium (Cd). Insoluble in HgO, soluble in HCl and 
dilute H2SO4, easily soluble in HNOg. 

Cadmium sulphide (CdS). Insoluble in H3O, soluble in 
cold concentrated HCl, in HNOg, and in boiling dilute 
HaS04. 
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Calcium carbonate (CaCOa). Insoluble in water, sol- 
uble in dilute acids, NH4CI, and H2CO8 aq. 

Calcium chloride (CaCU). Soluble in 1.5 parts of water. 

Calcium hydroxide (Ca(0H)2). Slightly soluble in cold 
water, less in hot. 

Calcium oxalate (CaC204). Insoluble in water, soluble 
in mineral acids, soluble in MgClj, insoluble in MgC204. 

Calcium phosphate (Cag(P04)2). Insoluble in water, sol- 
uble in acids. 

Calcium sulphate (CaS04). Soluble in 500 parts of 
water, more soluble in dilute HCl. 

Chromic hydroxide (Cr2(OH)6). Insoluble in water, 
easily soluble in acids and cold caustic alkalies. 

Cobalt (Co). Insoluble in H2O, soluble in HCl, H3SO4, 
and HNO3. 

Cobaltous sulphide (CoS). Insoluble in HgO, alkalies, 
alkaline carbonates, or sulphides ; eoluble in concentrated 
acids, particularly nitric acid or aqua regia. 

Copper (Cu). Soluble in concentrated H2SO4 at a high 
temperature, insoluble in dilute, slightly soluble in HCl, 
readily soluble in HNOs- 

Cupric oxide (CuO). Insoluble in water, easily soluble 
in acids. 

Cupric sulphate (CUSO4). Soluble in about 5 parts of 
water, crystallized CUSO4, SHjO, soluble in 2.5 parts. 

Cupric sulphide (CuS). Insoluble in H2O, soluble in 
boiling HISTOs, insoluble in dilute HCl or HNOs, insol- 
uble in KOH or KgS, slightly soluble in colorless or yellow 
ammonium sulphide. 

Ferrous and ferric salts. See Iron. 

Gold (Au). Insoluble in HgO, HCl, HNOs ; easily sol- 
uble in aqua regia or any mixture evolving CI or Br, sol- 
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uble in mixtures of HCl and nitrates, nitric acid and chlo- 
rides; insoluble in H2SO4, soluble in solutions of ferric 
and cupric salts, soluble when finely divided in KCN. 

Iodine (I). Insoluble in water, soluble in concentrated 
acids and in KI solution. 

Iron (Pe). Soluble in HCl, slowly dissolved by H2SO4, 
HNOs, andHCaH^Og. 

Ferric hydroxide (Pe2(OH)6). Insoluble in water, alka- 
lies, or ammonia salts ; soluble in acids. 

Ferric oxide (Fe20s). Readily soluble in hot hydro- 
chloric acid, not easily dissolved by other acids. 

Ferric phosphate (Fe2(P04)2, icHjO). Very slightly sol- 
uble in H2O, soluble in mineral acids, insoluble in cold 
acetic acid. 

Ferrous sulphate (FeS04, THaO). Soluble in 3 parts H2O. 

Ferrous sulphide, FeS. Soluble in dilute acids with 
liberation of HgS (except nitric). 

Lead (Pb). Insoluble in pure water, soluble in impure 
water containing carbon dioxide, chlorides, nitrates, etc. ; 
soluble in dilute nitric acid, slightly attacked by hydro- 
chloric acid, insoluble in dilute sulphuric, soluble in con- 
centrated H2SO4. 

Lead chloride (PbCl2). Slightly soluble in cold water, 
more soluble in hot ; slightly soluble in HCl, soluble in 
dilute HNO3 and in KOH. 

Lead chromate (PbCr04). Insoluble in H2O and acetic 
acid, soluble in K2C2O7, KOH, and NaOH; slightly sol- 
uble in nitric acid. 

Lead oxide (litharge) (PbO). Insoluble in H2O, soluble 
in acids, soluble in KOH, NaOH, and Pb(C2H302)2. 

Lead oxide (red lead) (Pb304). Insoluble in H2O, acids 
give PbOa and salts of PbO. 
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Lead sulphate (PbS04). Insoluble in water, slightly 
soluble in H2SO4 , insoluble in alcohol, slightly soluble in 
HClandHNOa. 

Lead sulphide (PbS). Insoluble in H2O, dilute acids, 
alkalies, and alkaline sulphides; decomposed by concen- 
trated HNOs or aqua regia to PbS04 ; soluble in hot 
concentrated HCl. 

Magnesium (Mg). Decomposes water slowly at 100° C, 
soluble in dilute acids. 

Magnesium chloride (MgClg). Soluble in 1 part water. 

Manganese dioxide (Mn02). Insoluble in water, nitric 
acid, or dilute sulphuric acid except in presence of reduc- 
ing agents ; readily dissolved by HCl and either sulphur- 
ous acid (H^SOs) or oxalic acid (H2C2O4). 

Mercury (Hg). Not attacked by boiling concentrated 
HCl or dilute H2SO4 , easily soluble in dilute or concen- 
trated HNO3. 

Mercurous chloride (Hg2Cl2). Insoluble in cold water, 
insoluble in cold dilute acids, slowly soluble on heating. 

Mercuric sulphide (HgS). Insoluble in HjO, soluble in 
K2S, insoluble in (NH4)2S, insoluble in HCl and HNO3, sol- 
uble in aqua regia. 

Nickel (Ni). Slowly dissolved by HCl or H2S04 , readily 
soluble in HNO3 , insoluble in NaOH. 

Nickel sulphide (NiS). Insoluble in HjO and dilute 
acids, soluble in aqua regia, slightly soluble in alkaline 
sulphides. 

Phosphorus (P). Insoluble in water, very soluble in 
CS2 , oxidized by hot concentrated HNOs ? decomposed by 
boiling with caustic alkalies. 

Platinum (Pt). Insoluble in HaO, H2S04 , HCl, HNO3 ; 
soluble in aqua regia. 
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Potassium carbonate (KjCOg). Soluble in 1 part H2O. 

Potassium chlorate (KClOs). Soluble in 16 parts HjO. 

Potassium chloride (KCl). Soluble in 3 parts H3O. 

Potassium chromate (KgCrOi). Soluble in*2 parts H2O. 

Potassium dichromate (KgCrgOT). Soluble in 10 parts 
of water. 

Potassium cyanide (KCN). Very soluble in water, in- 
soluble in absolute alcohol. 

Potassium ferricyanide (K8Fe(CN)6). Soluble in 3 parts 
of water. 

Potassium ferrocyanide (K4FeCy6, SHgO), soluble in 4 
parts of water, insoluble in alcohol. 

Potassium hydroxide (KOH). Soluble in 1 part HjO. 

Potassium iodide (KI). Soluble in 7 parts H3O. 

Potassium nitrate (KNO3). Soluble in 5 parts HgO. 

Potassium sulphate (K2SO4). Soluble in 10 parts HjO. 

Silica (Si02). Insoluble in water and acids except hydro- 
fluoric (HF), soluble in hot caustic and carbonated alkalies. 

Silver (Ag). Insoluble in HoO, HCl, and HCgHsOa; 
readily soluble in HNO3 and in hot concentrated H2SO4 ; 
slightly soluble in dilute H2SO4 . 

Silver arsenate (Ag3As04). Insoluble in water, soluble 
in acids and ammonia. 

Silver bromide (AgBr). Insoluble in water or nitric acid, 
slightly soluble in concentrated sulphuric acid, soluble in 
KCN and strong ammonia. 

Silver chloride (AgCl). Nearly insoluble in water, HCl, 
HNOs; soluble in NH4OH, KCN, and Na2S208; slightly 
soluble in 'H.g{G2'BLsOz\ and solutions of soluble chlorides. 

Silver sulphide (Ag2S). Insoluble in H2O, soluble in 
concentrated HNOs, insoluble in NH4OH. 

Silver sulphocyanide (AgSCN). Insoluble in water, 
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AgNOs, ammonium j3ulphocyanide (NH4SCN), or acids ex- 
cept concentrated H2S04 or HNOg; soluble in concentrated 
NH4OH and Hg(N03)2. 

Sodium bicarbonate (NaHCOj). Soluble in 10 parts H2O. 

Sodium carbonate (Na2C08). Soluble in 4 parts HgO. 

Sodium chloride (NaCl). Ten parts of water at 15° C. 
dissolves 35.9 parts. 

Sodium hydroxide (NaOH). Soluble in | part HgO. 

Sodium nitrate (NaNOs). Soluble in 2 parts H3O. 

Sodium sulphate (Na2S04). Soluble in 7 parts HjO. 

Sodium thiosulphate (hypo) (Na^SgOs , 5H2O). Soluble 
in 1.5 parts of water. 

Sulphur (S). Insoluble in water, soluble in CS , oil of 
turpentine, and wood-spirit. 

Tin (Sn). Slowly soluble in cold dilute HCl, easily sol- 
uble if concentrated and hot, slowly soluble in hot dilute 
H2SO4, converted to insoluble hydrated Sn02 by nitric 
acid, insoluble in water, soluble in alkalies. 

Stannic acid (HgSnOa). Insoluble in water, soluble in 
HCl, H2SO4 , and KOH; insoluble in very dilute nitric acid. 

Stannous chloride (SnClg). Soluble in water and dilute 
hydrochloric acid. 

Titanic acid (TiOaarHjO). Insoluble in water, soluble 
in cold HCl or H2SO4 , precipitated on boiling dilute solution. 

Zinc (Zn). Soluble in all acids, easily soluble in alkalies, 
and soluble in many metallic salts with precipitation of 
the metal. 

Zinc oxide (ZnO). Insoluble in water, soluble in acids, 
when moist soluble in alkalies. 

Zinc sulphide (ZnS). Insoluble in H2O, alkali hy- 
drates, carbonates, and sulphides; soluble in dilute HCl 
and HNOs , practically insoluble in acetic acid. 

Zinc sulphate (ZnS04). Soluble in 2 parts of water. 
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TABLE OP FACTORS.* 




ATOMIC WEIGHTS BASED ON = 16, TAKEN FROM THE J. AM. 


CHEM. 80C. FOR MARCH, 1896 (F. W. CLARKE). 




RBQUntBD. 


rAOTOB. 


LOOARITHli. 


AIPO4 


Al 


.221976 


1.3463071 




A1.0, 


.418489 


.6216835 


Sb,04 


Sb 


.790067 


; .8976648 


Sb,S, 


8b 


.714570 


.8540446 


A8,S, 


As 


.609622 


.7849890 


Mg,As,Ot 


As 


.488268 


.6841870 


AffiA804 
BaSO« 


Ab 


.162234 


.2101418 


BaO 


.657088 


8176234 




SO, 


.342912 


.5351829 




8 


.187842 


.1378121 


Bi,0, 


Bl 


.896600 


.9525990 


CaCO, 


CaO 


.560296 


.7484173 


CaS04 


CaO 


.411899 


1.6147904 




CaCO, 


.735145 


1.8663731 


CO, 


C 


.272893 


1.4859916 


Cr,0, 


Cr 


.684791 


1.8855581 


3K.8O4 2C0SO4 


Co 


.141511 


1.1507892 


CiiO 


Cu 


.798995 


.9025440 


Cu,8 


Cu 


.798644 


1.9023531 


Fe,Os 


Fe 


.700076 


1.8451446 


Fe 


FeaO, 


1.428420 


0.1548554 




FeO 


1.285610 


0.1091100 




Fe,04 


1.380820 


0.1401359 


PbCrO* 


Pb 


.640500 


1.80(55193 


PbSO* 


Pb 


.682927 


1.8343742 


Mg,P,0, 


P 


.278681 


1.4451076 




p,o* 


.688038 


1.8048465 




M^O. 


.361962 


.5586631 




.757343 


1.8792934 


MD304 


.720490 


1.8576283 


Md.P.Ot 


Mn 


.887226 


1.5879648 


(NH4).PtCl, 


Pt 


.489206 


1.6426669 




N 


.063281 


2.8012744 




NH, 


.076911 


2.8859881 




NH4CI 


.241235 


1.3824396 


Pt from (NH4).PtCl, 


N 
NH. 


.144081 
.175114 


1.1586075 
1.2488212 




NH4CI 


.649253 


1.7397727 


KsRCle 


KCl 


.306951 


1.4870696 




KaO 


.198944 


1.2876767 
1.8006072 


KCl 


K,0 


.681840 


K9SO4 


K,0 


.640698 


1.7828706 


SiO, 


81 


.470199 


i.6722814 



* J. Am. Chem. 80c., Oct., 1896. 
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RS^UIBKD. 


rAOTOB. 


LOOARXTBIC. 


AgBr 


Br 


.426560 


1.6289611 


Agl 


I 


.540818 


.7326479 


AgCi 


CI 


.247:^62 


1.3981579 




Ag 


.752788 


1.8766486 


NaCl 


Na,0 


.530769 


1.7249057 


Na,804 


Na,0 


.436801 


1.6402836 


8nO, 


8q 


.788150 


; .8966087 


TiO, 


Ti 


.600749 


1.77839*28 


ZuO 


Zn 


.808464 


1.9049663 


Zd.P.Ot 


Zq 


.429115 


.6325787 


ZnNH^POi 


Zq 


.366488 


i.5640011 



TABLE OP VALUES OF N/10 PERMANGANATE 

SOLUTION* 

K,Mn,0. = 8.162 GRAMS PER LITRE. 

Grams per Cubic 
Centimeter. 

K,Mn,0. 003162 

Fe 005602 

FcaO, 008002 

FeO 007202 

Fo.O* 007735 

FeS04.7H,0 027820 

FeS04(NH4)9S04 ,6H,0 039240 

H,C,04.2HaO 006303 

(NH4),C,04.H,0 007109 

CaO fromCiiCaO* 002804 

CaCO, '* " 005004 

CaSOi 2HgO from CaCO* 008609 

Mn(Volhard) 0016497 

Mn (Ford-Williams) 0027495 

P(Noyes) 000086167 

P,0.(Noyes) 00019728 

SDfromSnCl, 0059525 

HaS 0017043 

H,0, 0017008 

1 012685 

Equivalent to N/10 KaCr.OT , 4.9083 gms. per litre 004908 

Factor to convert Fe standard to P standard (Noyes) is 0.0158814 ; to Mn 
standard (Volhard) Is 0.294484. 

* Atomic masses according to J. Am. Chem. Soc, March, 1896, = 16. 
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EXAMPLES AND PROBLEMS. 

1. Calculate assay ton for a long ton. 

1 lb. avoirdupois = 16 oz. of 437.5 grams each = 7000 

grains ; 1 long ton = 2240 lbs. 

1 oz. troy = 480 grains. 

2240X7000 ^^.^. ^ • 1 X 
-— — = 32,666 ounces troy in a long ton. 

.*. 32.666 grams is the assay ton for a long ton. 

2. How much nitric acid 1.42 sp. gr. and how much 
water should be mixed to give 6 litres of nitric acid 1.16 
sp. gr. ? 

Let X be litres of nitric acid, 6 — a? litres of water. 1.42 a? 
weight nitric acid + 1 (6 — a?) weight of water = 6 (1.16) 
weight of mixture, x = 2.286 (6 — a?) = 3.714. 

3. Five hundred grams of a low-grade tin ore were 
panned down ; the concentrates after drying weighed 24 
grams. 2 portions of 10 grams each were mixed with 10 
grams CuO and KCy, and fused. The buttons weighed 
12.15 and 12.30 grams. A blank assay on the oxide of 
copper gave 7.4 grams. What is the percentage of tin ? 

Average weight of buttons is 12.236 grams. 

Weight of tin = 12.235 - 7.4 = 4.835 ' ' 

Total tin is 4.835 X 24 , , ^,, , ^ «^ . 
j^ or 11.604 grams = 2.32?^ tin. 

4. An iron ore contains silica 32^, alumina 6^, lime 10^. 
Calculate the minimum charge for Percy's slag. 

10 Grams of Ore. Required. Excess. 

SiOj 3.2gms 2.5 0.7 

AW, 0.6 gm 1 

CaO l.Ogm 3 
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0.8 gram of kaolin gives the required amount of alumina. 
The excess of silica is now 0.7 + 0.4 = 1,1. Make up 
charge for this excess. 

| + 1.1:|::5:2; a; = 1.466. 

lime to add is 2 + 1 1.466 = 4.2. 
KaoUn to add 0.8 + 1.466 = 2.266. 

Proof: SiOa 3.2 + 0.4 + 0.733 = 4.333-^1.733 = 2.5. 
AlA 0.6 + 0.4 + 0.733 = 1.733 -r 1.733 = 1. 
CaO 1.0 + 4.2 =5.2 -^ 1.733 = 3. 

5. An ore of nickel, cobalt, and copper gave the follow- 
ing results from 5 gms. of the original sample : 

a. Weight of arsenides from fusion 2.467 gms. 

b. " '' arsenide of cobalt, nickel, 

and copper 1.246 " 

c. " " arsenide of nickel and 

copper 0.642 " 

d. " " button of copper and gold 0.421 " 

€. " "goldadded 0.150 " 

Calculate the per cent, of nickel, cobalt, and copper in 

the original ore. 

d-e = weight of Cu 0.271 ; 0.271 Cu = 0.3778 Cu^Asa. 
c - 0.3778 = 0.1642 weight of Ni^Asj = 0.1001 gm. Ni. 
J — c = 0.704 weight of C04AS2 = 0.430 gm. Co. 

Cu 0.271 -=- 5 and multiplied by 100 = 5.42^ copper. 
Ni 0.1001 '' '' " '' '' 2.00^ nickel. 

Co 0.430 " '' " '' '' 8.60^ cobalt. 

6. A sample submitted for assay gave, on being pulver- 
ized and passed through a sieve of 80 meshes to the linear 
inch, the following weights : 
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A. Weight of sample 1499.07 gms. 

B. Scales of metal 40.75 " 



C. Sifted ore 1458.32 gms. 

It being known from the mineralogical composition of 
the sample that it was a rich ore, J A.T. was taken for an 
assay of the sifted portion (C). The residue of metallic 
scales, etc. (B), was scoriiied with test-lead, and yielded a 
button weighing 60.35 gms. This button was rolled out, 
and two average samples of 10 gms. each were cupelled. 

The following results were obtained from the complete 
assays : 

C. Sifted ore — crucible assay. 

One third assay ton, 9.722 gms., yielded: 

1 2 Average. 

Au + Ag 0.19356 0.19275 0.19315 

Au (by parting) 0.00026 0.00025 0.00025 

Ag 0.19330 0.19250 0.19280 

Aginlitharge 0.00067 0.00067 0.00067 

Agin ore 0.19268 0.19183 0.19213 

The litharge yielded one milligram silver per assay ton, 

and two thirds assay ton were employed. 
B. Metallic scales. 

10 grams of the scorified button yielded : 

1 2 Aveiage. 

Au + Ag 6.0626 6.0620 6.0622 

Au (by parting) 0.0020 0.0020 0.0020 

Ag 6.0605 6.0600 6.0602 

Ag in test-lead none none none 

Calculation: 

1Q21S 
C. Sifted ore ... . .1468.32 X g^^ = 28.819 Ag. 
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6 0602 
B. Metallic scales 40.76, ^j^ X 60.36 = 30.638 Ag. 

A. Total ore . . .1499.07 59.367 Total Ag. 

29166.66 X ^^ = 1164.71 oz. per 2000 lbs. 

0. Sifted ore....l458.32x^^^ = 0.0376 Au. 

B. MetaUic scales. .40.75, ^~ X 60.35 = 0.0121 An. 

A. Total ore 1499.07 0.0496 Total Au. 

29166.66 X ^^^ = 0.97 oz. per 2000 lbs. 
1499.07 ^ 

Besultper 2000 lbs. Ore. 

Silver 1154.71 oz. at $0.66 $750.56 

Gold 0.97 oz. at $20.67 20.04 

Total bullion 1155.97 oz. $770.60 

7. A preliminary assay on 5 grams or ore gave lead 
reduced 14 grams. How much nitre (oxidizing power 4) 
should be added to give a button of 18 grams when 1 A.T. 
of ore is used. 

1 A.T. would reduce 6 X 14 grams = 84 ; 84 — 18 = 66 
grams of lead to be oxidized ; 66 -~ 4 = 16.5 grams of nitre. 

8. An ore gave no button from preliminary assay on 
5 grams, but was known to contain manganese ; 2 grams of 
argol (R. P. 10) were then added to the charge and the assay 
repeated ; the button weighed 16 grams. What amount of 
argol should be added to 2 A.T. of ore? 5 grams of ore 
oxidizes 4 grams of lead ; 2 A.T. will oxidize 48 ; we must 
add, therefore, enough argol to offset this and to reduce 
18 grams of lead (48 + 18) -- 10 = 6.6 grams argol. 

9. How much water should be added to 6 litres of a 
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salt solution to make it normal when 98.6 c.c. of the solu- 
tion precipitates 1 gram of pure silver ? 
6000 : X \: 98.6 : 1.4 ; x = 85.19 c.c. 

10. How much salt should be added to 6 litres of a salt 
solution to make it normal when 100.6 c.c. precipitates 1 
gram pure silver ? 

6(X)0 :xi: 100.6 : 0.6 ; a: = 36.78 c.c, the water in excess. 
100 : 35.78 : : .54207 : x. 

a? = 0.19386, the salt in grams to be added for the 
excess of water. 

11. An alloy cupelled and parted gave 0.9848 gram of 
silver in 1 gram after correction. Added in volumetric test : 

Normal salt solution 100 c.c. 

Decime '' '' 5 " 

'' silver " 2 " 

Decime solutions added 1 c.c. at a time and in the order 
stated. 

Strength of normal salt solution 99.7 c.c. = 1 gram silver. 

What was the amount taken for assay and the fineness 
of the alloy ? 

1000 
'^ = 1.0164, weight taken for volumetric assay. 

Salt used was 100.4 c.c. 

99.7 : 1 : : 100.4 \x\ x— amount of silver = 1.007 grams. 

1 .0154 : 1.007 : : 1000 : y ; y = fineness = 991.7. 

12. 1 gram of an alloy cupelled, parted, and corrected 
gave silver 984.2 mgs., gold 8.4 rags. Wet assay : added 
normal salt 100 c.c, decime salt 13 c.c, decime silver 3 c.c. 

Strength of normal salt 101.2 c.c. = 1 gram silver. 

Calculate the fineness of the bullion. 

Salt actually used 101.1 c.c. 

101.2 : 1 : : 101 1 : a; ; a; = silver found = 0.999 grams* 
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984.2 : 1000 : : 1 : rr, weight taken for assay = 1.016 
grams. 

1.016 : 0.999 : 1000 \x\x^ 983.27 fineness. 

13. 600 milligrams of gold bullion cupelled and parted 
gave a comet weighing 458.35 milligrams. The surcharge 
was + 0.3. The fineness before correction will be 916.7. 

Then x, the fineness, wiU be ^^^^q^ or 916.424 

14. 1 gram of a platinum alloy was treated according to 
the ' ' First method ' ' ; after treating with nitric acid the resi- 
due weighed 0.15073 grams, after treating with dilute aqua 
regia 0.0102 grams, after treating with strong aqua regia 
0.0056 grams. The precipitated gold weighed 0. 03508 grams. 
Calculate the per cent, of Pt, Au, Ir, and iridosmium. 

The final residue is iridosmium 0.0066 X 100 = 0.56^. 
The gold is 0.03608 X 100 or 3.508^. 
0.0102 - 0.0055 or 0.0047 is the iridium = 0.47^. 
0.15073 - (0.08508 + 0.0102) is the platinum = 0.1056 
or 10.55^. 

15. 1 gram of a platinum alloy treated by the " Second 
method" gave as follows: 

Silver added first cupellation 0.4724 grams 

Weight of button 0.9491 " 

Weight of residue after parting with H2SO4. 0.16142 " 
Weight of residue after alloying with silver 

and parting with nitric acid 0.05116 *' 

Weight of final residue 0.00234 " 

The silver is 9491 - (0.4724 + 0.16142) or 0.3253 grams = 
32.63^. 

The platinum is 0.15142 - 0.05116 or 0.10026 = 10.026^. 
The gold is 0.05116 - 0.00234 = 4.88ji^. 
Iridosmium 0.234,^. 
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16. 1 gram of zinc ore gave 0.3417 grams of Zn2P207. 
What is the percentage of zinc ? 

ZnaPaO? (304.86) : 2Zn (130.82) : : 0.3417 : x, 
X = 0.1466 or 14.66^ zinc. 

17. What is the factor to convert Sn02 to tin? 

Sn = 119, = 16. .-. SnOa is Hf tin, or wt. SnO^ X 0.788 
= wt Sn. 

18. i gram of a copper matte required 28.2 c.c. of a 
cyanide solution, whose strength was 1 c.c. = 0.0104 gms. 
Cu. What is the percentage of copper ? 

Copper found = 28.2 X 0.0104 = 0.2933 = 58.66^. 

19. How much crystallized sodium thiosulphate (NajSiOs, 
6H2O), must be dissolved in water and diluted to one 
litre to give a solution whose strength is 1 c.c. = 0.010 
gms. Cu ? 

2Cu(N08)3 + 4KI = CU2I2 + 12 + 4KNO3. 
I2 + 2Na2S20s = Na2S406 + 2NaI. 

1 atom of copper corresponds to 1 molecule of thiosul- 
phate. 

63.6 : 248 : : 10 : a:. Ans. 39 grams. 

20. What is the strength in terms of iron of a solution 
of K2Cr207 containing 5 grams to the litre ? 

K2Cr207 + 6FeCl2 + 14HC1 

= 3Fe2Cle + 2KC1 + CrjCl, + 7H2O. 
Hence 1 molecule of KaCrjO^ oxidizes 6 atoms of ferrous 
iron to the ferric condition. 
294.5 : 336.12 : : 0.005 : x. 
a; = Fe per c.c. = 0.005701. 

21. {a) What is a N/5 solution of KaMnjOs? 

Such a solution will contain -^ of the molecular weight 
of permanganate in grams to the litre, or 6.32 grams. 
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(b) What is its strength in terms of FejOs ? 

One molecule KaMn^Og corresponds to lOFe, or SPeQOs. 

316 : 800 : : 0.00632 : x. 

X = 0.0160 gms. FeaOa per c.c. 

(c) What amount of iron ore must be weighed out so 
that each c.c. used will read 1^ of iron (Fe)? 

The strength of this solution is 1 c.c. = 0.0112 gms. Pe. 

Hence if 100 times this amount or 1.12 grams is used^ 
the burette reads per cent, direct. 

{d) What is the strength of this solution against man- 
ganese by Volhard's method ? 

One molecule K^MujOs = lOFe. 

One molecule KaMujOs = 3Mn02 = 3Mn. 

lOFe = 3Mn, or Mn standard is yf f of Fe standard or 
0.0033. 

22. 1 gram of an ore containing arsenic was treated 
according to Pearce's method and the silver in the silver 
arsenate determined by titrating with NH4CNS. The amount 
used was 27.9 cc, the strength of solution 1 c.c. = 0.007 
gms. Ag. What was the percentage of arsenic ? 

Silver was 27.9 X 0.007 grams = 0.1953. Prom the 
formula of the precipitate AggAsO* .3Ag or 324 corresponds 
to 1 As 75, or Ag : As : : 108 : 25. 0.1953 : ar : : 108 : 26. a? = 
wt. As = 0.0452 or 4,52^. 

23. What is the strength against phosphorus of a N/10 
solution of KaMujOg according to Noyes' method ? 

3K2Mn208 = SMojOs = 30Pe = lOMoOs .-. Pe standard 
: MoOs standard : : 1680 : 1440 or as 7 : 6. 

As the composition of the *' yellow precipitate" is 
12Mo08(NH4)8P04, the ratio is 12MoOs to IP or 1728 to 31. 

The iron standard of the N/10 solution is 0.0056. .-. the 
P standard is 0.0056 (| X j^g) or times 0.01538 = 0.000086. 
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24. If sodium bromide were used instead of sodium 
chloride in the silver bullion assay, how many grams should 
1 litre contain to give a solution of the same strength as the 
normal salt? (100 c.c. = 1 gm. silver.) 

AgNOa + NaBr = AgBr + NaNOa- 107.92 : 103. 
.-. 10 : a; : : 107.92 : 103. Ans. 9.544 grams. 

25. 1.6 grams of coal gave by Eschka's method 0.2894 
grams of BaS04. The oxide of magnesia used contained 
0.32^ S. What is the percentage of sulphur in the coal ? 

0.2894 X 0.13745 (the factor for S in BaS04) = 0.03978. 
The S in 1 gram MgO = 0.0032, S in 1.6 grams coal = 
0.03658 -T- 1.6 and multiplied by 100 = 2.44^ S in coal. 
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COST OF OUTFIT FOR ORDINARY FIRE ASSAYS, 

1. Ore-balance $15.00 to $ 20.00 

2. Bullion-balance 65.00 to 110.00 

3. Weights, assay ton and gram 16.00 

4. Muffles, 6 at 0.75 to 1.10 each 4.50 to 6.60 

6. Hessian crucibles, 50 nests small fives.. 2.50 

6. Scoriiiers, 500 at 2c. each 10.00 

7. Cupel-mould 2.50 

8. Scorification-moulds .95 

9. Crucible-,scoriiication-, and cupel-tongs 3.00 to 4.00 

10. Hammers 1.00 to 1.50 

11. Pokers and scrapers 1.00 

12. Cutting-shears, vise, and anvil 5.00 

13. Files, chisels, saw, hatchet, etc 2.50 

14. Iron mortars, large and small 3.25 

16. Plate and rubber: 12.00 

16. Sieves, 40, 60, 80, and 100 mesh 6.00 

17. Tin sampler .75 

18. Mixing-scoop .35 
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19. Reagent-bottles, glass-stoppered, set 

of40 6.00 

20. Parting-bottles .90 

21. Bottles for samples, corked, 2 doz . . • . 2.00 

22. Ring-stand and lamp 1.20 

23. Wash-bottles, 1 large, 1 small .90 

24. Horn spatula, spoon, etc .75 

25. Parting-flasks, annealing-cups, etc. •.. 1.50 

26. Porcelain mortar 1.00 

27. Glass rods, tubes, funnels, beakers.... 2.50 

28. Notebook, towels, brushes, etc 1.50 

29. Iron concentrating-pan, pipettes, etc. . 4.00 

30. Blowpipe, lamp, etc 6.60 

31. Hammer and anvil, small 1.30 

32. Button-brush .50 

33. Scissors, knife, magnifier, and magnet 2.20 

34. Forceps and tongs 1.75 

35. Test-tubes and stand 1.00 

36. Filter-papers, test-papers, etc. * 1.00 

37. Platinum wire and foil 2.00 

38. Set of heavy scales with weights 8.00 

39. Bone-ash for cupels 4.00 

40. Litharge 1.00 

41. Soda, borax, etc 1.60 

42. Test-lead 6.00 

43. Nitre, argol, potassium cyanide 4.00 

44. Nitric, hydrochloric, and sulphuric 

acids 6.00 

45. Extra reagents 6.00 

46. Furnace, portable 80.00 to 75.00 

47. Weights for assay balance, 1 gram to 

1 milligram 10.60 

$266.90 to 363.50 
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* * Ton, Derivation of 14 

*• Weights 253 

Assaying, Object of 3 

Proper, Definition of 5 

Atomic Mass 3, 4 

Auriferous Mercury, Assay of 129 

Tin, *' " 129 

Available Oxygen in Manganese Ores 173 

Avoirdupois Weight 252 

Azurite 82 

B 

Balance, Adjustmentof 18 

Analytical 12 
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Balance Bullion or Assay 18 

Ore 11 

Barium , Bl owpipe Teste for 209 

" Carbonate, Preparation of 157 

** Tests for 234,289 

Base Bullion, Assay of, for Gold and Silver , ]20 

" " in Platinum Alloys 188 

" Metal in Gold Bullion 124 

Batea 191 

Baume Hydrometer 257 

Bertbier's Method for Assay of Coal 13G 

Beryl 248 

Bismuth, Blowpipe Tests for 209 

** Chamcierislics 244 

Fire Assay of 69 

** iu a Copper Matte or Alloy 158 

•* "Copper Assay 82 

•* " Deposited Copper 161 

" " Lead Alloys 158 

" Nickel and Cobalt Assay. 87 

Ores 247 

" Silver .. 250 

" Sources of 69 

Ttetefor 230 

Wet Assay of 158 

Black Flux 41 

" Substitute 40 

Blank Assays m Winkler's Method 74 

Blanks for Reporte • . 260 

Blende 89,250 

** Charge for Assay of» for Gold and Silver 106 

" Composition of 153 

Blowpipe Apparatus 205 

Analysis, Scheme for 226 

«• Reagents 206 

Schemefor Silicates 287 

Teste 207 

"Blue" 199 

Books on Assaying, List of 285 

Boracic Acid 40 

Borax as a flux 40 

" Glass, Preparation of 40 

Boron, Blowpipe Teste for 210 

" Teste for ; 287 

Bomite 82, 250 
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Bottles for Reagents 35 

Bituminous Coal 186 

Braunite 171 

Bridgman Ore-sampling Machine. 83 

Bromination of Ores 196 

Bromine, Blowpipe Tests for 210 

" Extraction Test 196 

Teste for 285 

Bromyrlte 249 

Bullion, Sampling of 51,52 

Burettes 37 

C 

Cadmium, Blowpipe Tests for 210 

" in Platinum Assay 135 

•• *• ZincOres 156 

'* Teste for 227 

Calamine. 152 

Calcium, Blowpipe Teste for 211 

Teste for 284,239 

Calculation ... 10,53 

" Examples of 10, 11, 277 

" of Calorific Power of Coal 137 

" " Charge for Iron Assay 80 

" •' Coal Analyses 139 

" «« Resulto from Gold and Silver Ores 104 

Calorific Power of Fuel 136 

Calverite 250 

Carbon 135, 249 

" Characteristics 245 

• * Sources of 136 

Carbonic Acid, Blowpipe Teste for 211 

" Testsfor • 236 

Cassiterite, Composition of. 71 

Cerargyilte 90, 249 

Cerussite, Assay of 66 

" Composition of 63 

^ Corrected Assays of 110 

Certificate of Assay 260 

Chalcocite 82 

Chalcopyrite 82, 89, 250 

Assay of , for Gold and Silver 107 

Charcoal 136 

" as n Reagent 41 

" Assay of 42 
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Charges for Assay of Arsenopyrite • 106 

•' " ** Bismuth 70 

" •* Chalcopyrite 107 

" " " " CopperMattes 112 

" «« " ** Galena for Gold and Silver 106 

" " *• •* Hematite for Gold and Silver 107 

" *• " ** Oxides of Antimony 68 

" «« «' *' Oxidized Lead Ores 66 

" " " " Pure Gold and Silver Ores 106 

" " " " Pyrite 107 

" " " Stibmt6k 68.106 

" «• '• *• Tellurides 107 

*« «' *• •' Tetrahedrite 107 

«< " •' " ZincBlende lOG 

*< '* Copper in Mattes (Fire Assay)...., 83 

«• •• Corrected Assays Ill 

•« ** Goldand Silver Ores 106 

*< '* LeadAssays 64 

«« '♦ Preliminary Assay of €K)ld and Silver Ores 98 

'• " Scorifleation Assays 06 

Check Assay in Silver Bullion 131 

" for U. S. Coins 128 

'• with Gold Bullion 124 

Chemicals Used in Fire Assays 88 

Chilenite 250 

Chimney 17 

Chiviatite 250 

Chlorination Assay for Gold 194 

Chlorine, as a Reagent 44 

Blowpipe Tests for 211 

" Tests for 235 

Chloridization Assay for Silver 192 

Chromite 75 

Chromium, Blowpipe Tests for 212 

Testsfor 282 

Cinnabar 87 

Clausthalite 250 

Coal 135 

*• Anthracite 20 

•' Assay of 186 

' ' Bituminous 20 

'< Determination of Moisture In 187 

" " " Sulphur " 138 

Cobalt Arsenide 86 

<< Assay, Calculation of Results 86 
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Cobalt, Blowpipe Tests for 212 

" Chai-acteristics 246 

" Electrolytic Determination of 174 

" FireAssayof 84 

" in Copper Assay » 82, 161 

" " ZincOres 156 

" Ores 248 

" Separation from Nickel 175 

•• Testsfor 229,28a 

Cobaltlte , 84,179 

Coins, Foreign .•. 262 

" of United States 262 

" Sampling of 51 

Coke 20 

Coking Test 189 

Combination Method for Copper Mattes 114 

" Silver Sulphides 117 

Common Salts, Solubility of , 268 

Comparison of Results of Fire Assays on Lead Ores 67 

" " «* '' Lead Determinations 152 

" '« " Platinum Assays 1S4 

«• '« " " Scoriflcation and Crucible Assays Ill 

«• " *• '* Tift Assays 74 

•• «< " on Copper Mattes 165 

•' Units of Length and Weight 254 

Copper Arsenide 86 

Assay by Cyanide Method 164 

*' *• Electrolysis .... 159 

** *• lodideMethod 162 

Bismuth in 158 

Blowpipe Tests for 212, 218 

Buttons, Refining of 84 

Characteristics 244 

Fire Assay of 82 

Mattes, Assay for Gold and Silver 112 

*' Comparison of Assays for Copper 166 

Ores 347 

" Fire Assay of 88 

Oxide, Use in Tin Assay 74 

Pig, Sampling of 51 

Pyrites, see Chalcopyrite 

Removal from Zinc Ores 82,89,107.166, 260 

Silicates of 161 

Sources of 82 

Sulphate in Russell Process 199 
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Copper Tests for 283 

•' Wet Assay of 159 

Corrected Assays Ill 

" of Gold and Silver Ores 109 

.< "PigCopper ; 118 

" " Silver Sulphides 118 

Correction for Loss of Silver in Cupellation 121 

Corundum 243 

Cost of Assayer's Outfit 288 

Crucible Assay for Silver and Gold 90 

Crucibles, BUick Lead or Graphite 21 

Charcoal Lined .-. 22 

Choiceof. 22 

*• French Clay 21 

** Hessian 22 

•' Lining 27 

'* Placing in Furnace 64 

" Platinum 88 

" Properties of 20 

" Refi-actory 21 

•• Removal from Fire 65 

•• Testsof 23 

•' Tongs 27 

Crusher, Blake 30 

Cubic Measure 254 

Cupellation 99 

•* Explanation of 56 

in Gold Bullion Assay .• 126 

" Method for Silver Bullion 121 

•* of Buttons Containing Platinum 13:^ 

" Precautions in 101 

Weight of Lead for 123 

Cupels, Directions for Making, etc ^ 24 

Used in Royal Mint 25 

Cupel-tongs 28 

Cuprite 82 

Cuprous Iodide 162 

Cyanide Extraction Test 197 

Method for Assaying Tin Dies 73, 74 

*• Copper 164 

" of Potassium as a Flux 41 

D 

Decantation 9 

Desk for Laboratory 84, 85 



INDEX. 

PAGK 

Desulphurizing Reagents 3d 

Diamond 136, 248 

Dichromate Method for Iron 166 

Dies for Marking Buttons 28 

Distillation, Definition of 5C 

** Destructive 56 

Dorfie Bullion 129 

Drying 53 

Dufrenoysite 250 

Dyscrasite 250 

E 

Electrolytic Determination of Copper 159 

*• Nickel and Cobalt 175 

Elemente, Solubility of 268 

Embolite 250 

Emerald 248 

Enargite 82. 179, 250 

Encrustation of Beads in Cupellation 112 

Eucairite 249 

Evaporation 9 

Examples 277 

Extraction of Gold by Bromine 196 

*' ♦• "and Silver by Potassium Cyanide 197 

" Test for Russell Process 199 

F 

Factors, Table of 275 

Fahlerz (see Tetrahedrlte) 87, 89, 107, 249 

Feathers of Litharge 102 

Ferrocyanide Method for Zinc 1 53 

Ferromangauese 171, 178 

Filter Paper 8 

Filtration 8 

Fire Assay for Copper Mattes (Gold and Silver) 112 

*' •* Silver Sulphides 118 

Fire Blende • 249 

** Lighters 20 

Fixed Carbon in Coal 187 

Flasks, Graduated 37 

Parting 36 

Fluorine, Blowpipe Tests for 214 

Testsfor 236 

Fluor spar as a Flux 44 
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PAGE 

Fluxes, Uses of 88, 89 

Foliated Tellurium 250 

Foreign Coins 262 

Formulae 10 

Fraukliuite 75. 162. 156, 171 

Freezing of Buttons in Cupellation 102 

Freieslebenite 249 

Fuels , 20 

Furnace for Melting 16 

" " Roasting 15 

*• for Soft Coal 18 

*' Muffle for Scoriflcation and Cupellation 17 

Furnaces for Oil or Oas. 18 

Portable „ 18 

Fusion of Gold and Buyer Ores. 95 



a 

Cktlena. 68. 89, 250 

" Assay of , for Lead 64 

" " *• Gold and Silver 106 

Garnet 243 

Gay-Lussac Method for Silver 14H 

German Method for Tin 73 

Gladding's Method for Sulphur 178 

Glass as a Flux 40 

Gold, Alloys of 251 

" Impure 129 

" Assay of, in Platinum Ores 182 

*• " •* " Alloys 133 

Gold and Silver Amalgamation Assay 191 

•* " •« Assay of. in Pig Copper 115 

" •* •' in Copper Mattes 112 

" " " in Precipitated Sulphides 117 

•• '• •• inSweeps 119 

" " " Ores. Calculating ResulU from 104 

" " " •* Chargesfor 106 

•• " " " Preliminary Assay of 92 

•• «• " " Reducing Power of 98 

•* " ** ** Roastingof 94 

" •' *• " Scoriflcation of 96 

" *' " Weigbingof 102 

Gold. Annealing 104 

*' Bullion. Assay of 124 

Cuiiellalion of 126 
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Gold, Bullion, Parting of Beads 126^ 

•* Characteristics 244 

" ChloriDation, Assay for 194 

" Extraction of, by Bromine 19&' 

" •* '• " Potassium Cyanide 197 

*' Loss of, in Assaying 110 

*' Mechanical Assay for 191 

" Minerals 250 

Carrying 80 

'♦ Ores 80 

" •* Assayof 90 

«' " Crucible Assay of 90 

*• Precipitation of. by Oxalic Acid *. . . . 18a 

" Preparation of Pure 128 

'* Pure, Value of, per oz 245 

" Sources of 80 

" Test for 235 

Graphic Tellurium 250 

Graphite 18& 

Gray Copper (see Tetrahedrite) 87» 89, 107. 240 

Grinding Ores. 29, 80 



Hammers 28 

Hardness, Scale of. • 243 

Hausmanite 171 

Hematite 7& 

Assay for Gold and Silver 107 

** B >wn (see Limonite) 75- 

Hessite 90, 249 

Horn Mercury 87 

'* Silver 90 

Hydrogen, Lead Reduced by 42- 

Hydrometers 257 

Hydrosulphuric Acid, Production of 45- 

"Hypo" in Russell Process 190 



Ignition 9,10 

Ilmenite 75* 

Inaccuracies in Assaying Gold and Silver lOO 

Indicator for Lead Titration 151 

" Zinc " 164,167 

" inlron ** 160 
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Inquartation i 108 

Definition of 66 

Introduction 8 

Iodide Method for Copper 162 

lodiue, Blowpipe Tests for 214 

Testsfor 285 

lodyrite 250 

Iron as a Desulphurizing Agent 42 

Iron Assay Calculation of Slag wSO, 81 

*' " Comparison of Results. 80 

" '* Effect of Impurities in 78 

•• Blags for 77.80 

Iron, Blowpipe Tests for 215 

* * Characteristics 245 

*' Determination by Potassium Permanganate 168 

•• FireAssay 75 

*' in Copper Assay by Electrolysis 160 

•• Ore, Analysis of 185 

*• Ores 75.248 

" Pyrites (see Pyrite) 89.250 

' ' Sources of 75 

*• Testefor 228,229,231,288 

' * Volumetric Determination of 166 

Iridium, Assay of, in Platinum Ores 182 

Iridium-Gold , Assay of 1 80 

Irldosmium, Assay of, in Platinum Ores 138 

" Determination of 132 

J 

Jasper 243 

Jones Reductor 182 

K 

Kaolin as a Flux 44 

Erennerite 250 

L 

Laboratory Desk, Description of 84, 35 

Lapis Lazuli 243 

Lead as a Reagent .* 42 

" Assay. Inaccuracies of 63 

•* *' Reaciionsin 65,66 

'* Bismuth in .....158 

*' Blowpipe Tests for 216 
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Lead Bullion, Assay for Gold and Silyer 120 

** Buttons, ScoriflcatioQ of 98 

" Characteristics 244 

" Charges for Assay of 64 

•• Chloride 193 

" Dioxide 161 

•• Fire Assay 63 

" Flux 41 

•• for Cupellation of Gold Bullion 125 

«« Granulated 4?, 

** in Copper Assay 82 

" " Electrolytic Assay of Copper 161 

" " Nickel and Cobalt Assay 87 

•« Molybdate 160 

*« Muffle Assay 65 

" Ores 63 

•• " Chai-acteristics , 246 

" Slags, Assay of 66 

" Sulphate 150 

«• Test, Assay of 48 

* * Tests for 229 

" Volumetric Determination of 150 

'* Wet Assays of 149, 151 

Lignite 136 

Lime as a Flux 44 

Limonite 75 

Liquid Measure 253 

List of Books on Assaying 285 

Litharge as a Reagent 89 

" Assay of, for Silver 40 

Lithium, Blowpipe Tests for 216 

" Tests for 237 

Loss in Assay in g Base Bullion 1 20 

" of Gold in Assaying 110 

" *• " •* BullionAssay 129 

•• " Silver by Volatilization 109 

it u .< in Cupellation. .. . 121 

Lutes 26 

M 

Magnesia Mixture, Directions for Making 47 

Magnesium, Blowpipe Tests for 217 

*' Oxide as a Reagent 47 

Tests for 284,238 
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Magnetite 75 

Malachite 82,243 

Mallets , 28 

Manganese, Blowpipe Tests for 217 

'* Characteristics 245 

Dioxide 158. 155, 161 

in Electrolytic Copper Assay 161 

Ore, AvaUable Oxygen in 173 

Ores 171,248 

Testsfor 282 

** Volumetric Determination of 171 

Mjiuganite 171 

Manipulation 8 

Matte (sec Copper Matte) 112, 165 

" in Crucible Assays 99 

Measure for Test-lead 52 

Mechanical Assay for Gold 191 

Meuaccauite (see Ilmenite) 76 

Mercury, Assay by Distillation 87 

Blowpipe Tests for. 218 

" Characteristics 244 

** in Silver Bullion Assay 149 

Ores 87,247 

Testsfor 229 

Methyl Orange 156 

Metric Weights 253 

Miargyrite 249 

Millerite 84 

Minerals Rich in Gold 250 

Minium, Composition of 63 

Mispickel (see Arseuopyiite) 89, 106, 179, 250 

Mixing-scoops 82 

Mortars 29 

Moulds 81, 32 

Molybdate Method for Lead e — 150 

Molybdenum. Blowpipe Tests for 218 

Testsfor 281 

Muffles 18 

Muffle Furnaces 17 

•• Tongs 28 

Multiplication Table for Gold ' , 260 

N 

Nagyagite 250 

Native Gold 89 
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NuumaDnite • 249 

Niccolite , 84, 179 

Nickel Arsenide 86 

" Assay, Calculation of Results 86 

*' Blowpipe Tests for 219 

'* Characteristics 245 

•• Electrolytic DetermlnatioD of 175 

" Fire Assay of 84 

** in Copper Assays 82, 161 

•* '* ZincOres 156 

•• Ores 248 

" Tests for 228, 231 

Nitre as a Reagent 48 

•* Assay of 43 

Nitric Acid, Blowpipe Tests for 220 

•* Strength for Parting 103 

Nitrogen Pentoxide, Tests for 285 

Normal Solutions, Definition of 143 

O 

Onyx 243 

Opal 243 

Operations in Assaying 5 

Orpiment ; 179 

Ores. Characteristics of 246 

Outfit for Fire Assaying 288 

Outline Scheme for Assay of Ores 202 

Oxidation of Carbonaceous Matter • 10 

Oxidizing Reagents .^. 88 

P 

PalladiumOold, Assay of 129 

Panning Ores 48 

Parting 103 

Definition of 67 

" Flasks 86 

Platinum Alloys 134 

Pearce Method for Arsenic 179 

Penny's " " Iron 166 

Permanganate Method for Iron 168 

•• Phosphorus 182 

" Solution, Equivalents of 276 

Petzite 249, 250 

Phosphorus. Blowpipe Test tor 220 
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PfaosphoniB, Determination in an Iron Ore 185 

in Iron and Steel 182 

Tests for 286 

Pig Copper, AjBsay of 115 

Samplingof 161 

" Iron, Determiuation of Phosphorus in 188 

Plate and Rubber for Grinding 29 

Platinum Apparatus for Bullion Assay 127 

Assay of 180 

" Boilers in Bullion Assay 126 

*• Characteristics 244 

" in Silver Bullion Assay 128 

Ores 246 

" ** Preliminary Treatment of 181 

" " Sampling. , 181 

" Sourcesof 180 

Pokers 28 

Polybasite 249 

Porpezite 250 

Potassium, Blowpipe Tests for 220 

Bitartrate 41 

" Cyanide as a Flux. .. . 41 

•* •• Extraction Test 197 

" Perricyanide 166 

" Ferrocyanide 154 

*« '* Solution. Standardizing 154 

*' Nitrate as a Reagent 48 

•* Tests for 289 

Precipltants 89 

Precipitation 8 

Preliminary Assay 92 

Testing of Ores 48 

" Treatment of Tin Ores 72 

Preparation of Barium Carbonate ..•••• 167 

Problems 277 

Proustlte 90» 179, 249 

Psilomelane ^ ; 171 

Pulveiizer 80 

Pulverizing Ores 60, 61 

Pyrargyrite 90, 249 

jL-yrite 89, 260 

* * Aaa&y of, for €k)ld and Silver 1 07 

** Determination of Sulphur in 178 

Pyrolusite 171 

Pyromorphite, Assay of • 66 
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Pyromorphite» GompoBition of. ••..••••••• .•••••••••.. 68 

Pyrostilpnite 249 

Q 

Qualitative Blowpipe Analysis 226 

' ' Scliemes •.•••.••. facing 240 

Quantitative Report 261 

Quartz 176, 248, 251 

R 

Reactions in Lead Assays 65, 66 

Reagents, Addition of 8 

'* for Blowpipe Analysis 206 

" FireAssays 38 

" " ** Classification of 88 

•* WetAssays 45 

Realgar 179 

Reducing Agents 42 

Power of Ores 93 

Reagents 38 

Reduction 54, 55 

Reports 59 

Results of Lead Determinations 152 

" ** Gold and Silver Determinations in Pig Copper. 107 

Rhodium-Gold, Assay of 129 

Rbodocbroslte 171 

Roasting 68. 64 

Dishes 23 

Oi-es 94 

Pan 86 

*• Tin Ores 72 

Rolls for Bullion 31 

Rootlets. Formation of, in Cupellation 102 

Rubber for Grinding 29 

Ruby 243 

•* Silver, see Proustite and Pyrargyrite. 

Rules for Fire Assays 6,7 

Russell Process Extraction Test 199 

8 

Salt as a Reagent 44 

*• Solution, Preparation of 143 

Sampler, Mechanical 32, 34 

Tin 82 

Sampling Bullion 51, 53 

Ores 49, 50 
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Sampling Ores containing Scales 50 

SandBath 9 

Sapphire 248 

Saws 28 

Scale of Hardness 243 

" Ores, Calculating Results from 104 

Scheme for Assay of Ores 202 

** Iron Ore Analysis 185 

*' •* Qualitative Analysis Joeing 240 

•• " Blowpipe Analysis 226 

" Silicates in Blowpipe Analysis 237 

Scoops, Mixing 82 

Scorification Assay 96 

" Discussion of 97 

" Explanation of 56 

of Lead Buttons 98 

" in Cupellation 102 

Moulds 32 

" Tongs 27 

Scorifiers 28 

Semi- Anthracite 136 

•* -Bituminous Coal 186 

Selenium. Blowpipe Tests for 220 

Tests for 229 

Shears 28 

Shovels 32 

Sieves 31 

Silica as a Flux 40 

' ' Contaminants of 1 77 

" Determination of 176 

"InanlronOre 185 

" Solubilityof 177 

** TesUfor 238 

Silicates, Decomposition of 176 

*' Special Blowpipe Scheme for 287 

Silicon 176 

" Blowpipe Tests for 221 

Silver, Assay of, in Platinum Alloys 133 

' • Blowpipe Tests for 221 

" Bullion, Apparatus 146 

'• •' FireAssayof 120 

•* ** Precautions in Assay of 148 

" " Preliminary Assay 145 

" " Recording Results 146 

*• " WetAssayof 148 
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Silver, Characteristics 244 

•• Chloride 192 

" " Reduction of : 43 

<* ChloridizatioD, Assayfor 192 

" Extraction of, by Potassium Cyanide 197 

" for iDquartatioD 43 

" Loss of , in Assaying 110,111 

" Minerals, List of 249 

" Native Alloys of 250 

•• Ores 90, 249 

•• *' Assay of 90 

" Pure, preparation of 43 

*' " valueofperoz 245 

" Sulphate 193 

«* Sulphides, Assay of , 117 

•* Tests for 235 

Smaltite 84. 179 

Smithsonite 152 

Sodium Bicarbonate as a Flux 89 

Blowpipe Tests for 222 

Chloride as a^Reagent 44 

Solubility of Common Elements and Compounds 2^ 

Solutions used in Silver Bullion Assay 143 

Sol vents used in Fire Assays 89 

Special Alloys of Gold, Assay of 129 

Specific Gravity, DefiniUon of 254 

" " Determination of 255 

Specular Iron, see Hematite. 

Speiss 84,179 

Sperrylite 181 

Spiegeleisen 171. 173 

Spinel 243 

Spitting of Buttons in Cupellation 102 

Spbaleilte, see Blende. 

Sprouting of Buttons in Cupellation 100, 102 

Stannic Oxide, Tests for 233 

Stannite, Composition of 71 

Starch, Lead Reduced by 42 

Solution 162 

Steel, Determination of Phosphorus In 183 

Stephanite 90, 249 

Sternbergite 249 

Stibnite, Assay of, for Antimony 68 

'* ** " Gold and Silver 106 

" Composition of 67 
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Stromeyerite 249 

Strontium, Blowpipe Tests for 222 

Tests for 284, 289 

SublimatioD, DefinitioQ of 55 

Sugar, Lead Reduced by 42 

Sulphur 177, 249 

Blowpipe Tests for 222 

Characteristics 245 

• *' Determination of, in an Iron Ore 185 

" «• " "Coal 188 

** " Pyrites 178 

Sources of 177 

Testsfor 229 

Sulphurizing Agents 88, 44 

Surcharge 128 

Sweeps, Assay of 119 

Sylvanite 90,249,260 

T 

Tables for Qualitative Analysis J'aUng 240 

'' ** Atomic Masses 4 

" of Corrections for Silver Bullion Assay 121 

" Degrees Baum6 258 

** " Factors 275 

" " Gold Values 200 

" " Solubilities 268 

*' •* Values for N/100 Permanganate Solution. 276 

" •• " in Gold for Grain Weights 259 

•• " Volume 253 

" " Weight 252 

*« Showing WeighU of Lead for CupelUition 128 

Tabukting Resulte 58 

Tannin as an Indicator 151 

Tellurides, Assay of. for Gtold and Silver 107- 

Tellurium, Blowpipe Tests for 228 

Test-lead, Assay of , for Silver 43 

" Directions for Making 43 

" Measure 62 

Testing of Ores, Preliminary , 48 

Tests on Crucibles 23 

Tetrahedrite 87,89,249 

" Assay for Gold and Silver 107 

Thermometer, Degrees on 259 

Tfai Assay 71 

" " Accuracy of 74 

" " Effect of Silica on 71 
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Tin Assay, Preliminary Treatment of Ore 72 

* • Blowpipe Tests for 223 

" Characteristics 244 

" Ores 71,247 

" " Assay of 73 

" " *' " by Combination Method 74 

•' ""Cyanide " 78,74 

" «' " " «• German " 73 

*' *' •• «* •* Winkler's " 74 

'* " Comparison of Results by Various Methods 74 

*; Tests for 228 

Titanic Oxide, Tests for 283 

Titaniferous Iron Ore 75 

Titanium. Blowpipe Tests for , 224 

TestBfor 281,237 

Titrating Solution in Zimmerman-Reinhardt Method 168 

Titration of Silver by Ammonium Sulphocyanide 179 

ToDgs, Crucible, Cupel, etc 27 

Topaz 243 

Touchstone Assay 130 

Troy Weight 252 

Tungsten, Blowpipe Tests for 224 

Tests for 231 

Tuniuoise 243 

Twaddle's Hydrometer 257 

U 

United States Coins 252 

Uranium Acetate 154 

Blowpipe TesU for 225 

Tests for 231 

V 

Values of N/100 Permanganate Solution 276 

" " Gold and Silver per oz 245 

** United States Coins 245 

Vanadium, Blowpipe Tests for 225 

Testsfor 281 

Vise 28 

Volatile Combustible Matter in Coal 187 

Volhard's Method for Manganese 171 

Volume per Ton of Important Minerals 251 

Volumetric Determination of Arsenic 179 

" Copper 162, 164 

" Iron 166, 168 
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Volumetric DetermlDation of Manganese 171 

* Zinc 153 

Method for Lead 150 

" '* •* Plioephorus 182 

'* " " Sliver 143 

'« " •' Zlncin Franklinile 156 

" " " •* "OtherOres 155 

Wad 171 

Wasli for Crucibles and Scorifiers »« . il 

Wasliing « 9 

Weigtiing ; 52 

Beads and Bullion t 57 

Directions for 58 

" Gold and Silver Beads 102 

Ores 52 

Precautions in 68, 57, 58 

Silver Bullion 58 

Weight per Cubic Foot of Important Minerals 251 

Weights 14.15 

of Sheet Lead for Cupellation 123 

WestphaVs Balauce 257 

Wet Assays. Apparatus for 36 

" '* Reagents for 45 

Willemite 152.156 

Winkler's Method for Assaying Tin Ores 74 

X 

XanthoGonite 249 

Z 

Zettnow's Qualitative Scheme Joeing 240 

Zimmerman-Reinhardt Method for Iron Ores 168 

Zinc Blende, see Blende. 

Zinc, Blowpipe Tests for 225 

** Characteristics 244 

Zincite 162 

Zinc in Electrolytic Copper Assay 161 

Zinc Ores 16% 347 

" Pyrophosphate 153 

*' Silicates of 152 

" Tests for 228 

** Wet Assay of 153 

Zircon 343 
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Balances and Weights of Precision. 




Every Balance and set of Weiglits leaving this establishment 
are guaranteed to be accurately adjusted as represented in my Price 
List, which can be had upon application. 

Mr. Christian Becker begs leave to state that for some time 
past he has been aware that imitations of his Balances and Weights 
have been placed on tlie market, represented as being manufactured 
by him, and would caution his customers that all goods made by him 
bear his name. 

Factory: NEW ROCHELLE, N. Y. 



fiSTABLISHED 1866. INOOEPORATfiD 188a 

HENRY HEIL CHEMICAL CO., 

Nos. ai2-314 SOVTH FOUBTEI STREET, 

ST. LOUIS, MO., 

MANUFACTURERS AND IMPORTERS OF 

Chemical Apparatus, Chemicals, 



AND 

ASSAYERS' SUPPLIES. 

AGENTS FOB 

Battersea Works, London. 

J« H. Mnnkteirs Paper Factory Stock Company, Grycksbo, Sweden* 

Joseph Dixon Crucible Co., Jersey City, N. J. 

SPECIALTIES. 

Finest Bohemian Glassware, such as Beakers, Flasks, Retorts* 

Funnels, Combustion Tubes, etc. 
Reagent Bottles, with name and symbol blown in the glass. 
Aptmratus and Instruments for Blowpiping and Cupelling. 
Assay and Analytical Balances and Weights of Precision. 
Crucibles of Fire-clay, Black-lead, Porcelain, Nickel, and Platinum. 
Bone-ash, C. P. Test Lead, and Litharge. 

Evaporating Dishes of Porcelain, Glass, Iron, Nickel, and Platinum. 
Assay Furnaces, Muffles, Scoriflers, and Roasting Dishes. 
Mortars of Iron, Steel, Brass, Wedgewood, Porcelain, Glass, and 

Agate. 
Platinum Wire, Foil, Vessels, and Apparatus of every description. 

LARGEST AMD MOST COIPLETE STOCK 01 AlERIGA. 

Our large illustrated catalogue, covering 447 pages, will be furnished frev 
of charge on application. 

Orders for duty-free importations for Bcientific institutions solicited. 

SATISFACTION GUARANTEED. 
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HOSKINS' PATENT HYDROCARBON 

ASSAY FURNACES 




Awarded the Highett and 
only MEDAL at World's 
Fair for Hydrocarbon Blow- 
pipes and Assay Furnaces. 



No Dust. No Ashes. Cheap, Effective, Economical, 
Portable, and Automatic. 



BEND FOR CIRCULAR AND PRICE LIST TO 

r. HOSKINS, 81 SoQtIi Clark St., Room 55, CHICAGO, ILL 



EtttablUhed 1887. 



Incorporated 1808. 




Joseph Dixon Crucible Co., Jersey City, N.J., 

IIINRR8. IMPORTEBS, AND MANUFACTUREBS OF 

GRAPHITE, PLUMBAGO, BLACK-LEAD, 

mrOXLO, CSU0Z8LI8, 8T0VI POLXSB, LUBSXCAHTS, AKD OBAPBITl PSODUCTS Of ALL IXSLZ, 
Corrupondence solicited on the subject of graphite and giaphite products. 
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EIMER & AMEND, 

Nos. 205, 207, 209 & 211 THIRD AVENUE, 

I8th Street Staticn Elevated R. R., TUSWf 

MANTTFACTUBEBS AND DfPORTBBS OF 

m wmiis, 

) AND ALL ( 

ASSAY GOODS, 

BALANCES AND WEIGHTS, FURNACES AND CRUCIBLES. 
MUFFLES, TONGS, &c. 

CHEMICALLY PURE e CRUDE CHEMICALS 

STRICTLY C. P. ACIDS. 



^ AGENTS FOR » 

SCHLEICHER & SCHUELL'S FILTER PAPER, DENVER 
FIRE-CLAY CO., FLETCHER'S APPARATUS. 

GENUINE ROYAL BERLIN AND MEISSEN PORCELAIN. 
KAVALIER'S ANNEALED BOHEMIAN GUSS. 

DESMOUTI'S HAMMERED NON-BLISTERING PLATINUM. 

Our ASSAY BUTTOH BALABCS Is lentltlYe to 1/400 of a mlUlcnuii. 



A'J oar goods warranted of best make, are packed with utmost care to 
withstand roaghest road transportation. 

THE IjOWEST PRIOS8 WILL BB OHARQED, ANB BSTDflATBS 

ON OUTFITS PROMPTLY FURNISHSD. SPBOIAL PRIOS8 

TO DSALBR8, OLUBS, AND LARQS OONSUMSRa 

For Colleges and other Scientific Institutions we import goods FRBB OF 
X>UTT* Buyers are invited to examine our stock before purchasing. 

SEND FOR ILLUSTRATED CATALOGUE. 



RICRETTS & BANKS, 

Metallnpts, Ckemists ni Minins Enpeers. 

OFFICE AND LABORATORIES : 104 JOHN STREET, NEW YORK. 



Assays of ORES and FURNACE PRODUCTS 



ANALYSES OF MINERALS. METALS. WATERS AND ALL 
COMMERCIAL PRODUCTS. 



ORE SAMPLINB AND TESTINB WORKS: WAVERLEY, NEW JERSEY. 

(Pbknstlyania Railroad). 



UnexceUed facilities for SAMPLING CARLOAD LOTa 
ORE, MATTE and BULLION received on consignment and 
sold to highest bidder. 

Works complete in every respect for all MILL TESTS, 
including free gold milling ; free gold milling with concentration 
of sulphurets ; free gold milling with pan amalgamation of 
silver ; free silver milling in pan ; free silver milling with con- 
centration of sulphurets; roasting and pan amalgamation or 
leaching for gold or silver; raw leaching of silver ores by 
*' Russell process ; *' roasting and gold chlorination ; concen- 
tration of ores by jig after coarse or fine crushing and sizing. 
Machinery arranged to carry out best modem practice. 

CIRCULARS AND PRICE LISTS ON APPLICATION. 

Send all communications and samples for assay or analysis 
to 104 John Street, New York. 

Send all lots for mill test and sampling by freight to Waverly, 
New Jersey. ^j 



ESTABLISHED 1842. 

First Premluii at Fnutklin iBsUtnte, 1845. First Premium at Centennial Inter- 
national EzhlUtiont 1876. 

J. BISHOP ^ CO., 

SD6ART0WK. CHESTER CO., PEHH., 

REFINERS m MELTERS OF PLATINUM, 

MANUFACTURERS OF 

Crucibles, EvaporcUing Dishes, Ignition Tubes, and all 

Articles made frotn Platinum used by 

Analytical Chem^ists. 

All Work Hammered, and Warranted Eqnal to any European Work Made. 

t^T* Old Platinum bought or taken In exchange. Scrap melted at the shortest notice. 
Onictbles. dishes, etc., repaired promptly. All articles sent by Adams Express, directed to 
J. BISHOP A CO., Malvern Station, P. R. R., will meet with prompt attention. 

U^if* Circulars Sent Free on Application. '='^3 

The Roessler & Hasslacber Gheiical Go., 

73 FINE STREET, NEW TORE. 

CYANIDE OF POTASSIUM. 

CHLORIDE OF UilE ^^W^ HTPOSDLPHITE OF SODA 

(BLEACH), ^9 mW^ W^ (ANTICHLOR), 




SULPHIDE OF IRON, ^Sl-^J^ SULPHIDE OF SODIUM, 



TRADE-MARK. 

P£:B.oxir>£: ojf sodium:, 

A.nd other Chetnieals for Mining Purposes, 
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Patten's Practical Treatise on Found&tions 8vo, 6 00 

8iebert and Biggin's Modem Stone-cutting and Masonry. .8yd, 1 60 
Snow's Principal Species of Wood; Their Characteristic Propei> 
ties. ( In preparation. J 

Wait's Engineering and Arcnitectuial Jurisprudence 8vo, 6 00 

Sheep, 6 60 
^ " Law of Operations Preliminary to Construction in En- 
gineering and Architecture 8yo, 6 00 

Sheep, 6 60 

*' Law of Contracts 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, 2 60 

Worcester and Atkinson's Small Hospitals, Establishment and 
Maintenance, and Suffgestions for Hospital Architecture, 

with Plans for a Buum Hospital 12mo, 1 26 

The World's Columbian Exposition of 1893 Large 4to, 1 00 



ABKT AND NAVY. 

Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory 

of the Cellulose Molecule 12mo, 2 60 

* Bruff's Text-book Ordnance and Gunnery 8vo, 6 00 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Craig's Azimuth 4to, 3 60 

Crehore and Squire's Polarizing Photo-chronograph 8vo, 3 00 

Cronkhite's Gunnery for Non-commissioned Officera..24mo,mor.f 2 00 

* Davis's Elements of Law 8vo, 2 60 

* " Treatise on the MiliUry Law of United States. .8vo, 7 00 

* Sheep, 7 60 

De Brack's Cavalry Outpost Duties. (Carr.) 24mo, morocco, 2 00 

Dietz's Soldier's First Aid Handbook 16mo, morocco, 1 26 

* Dredge's Modem French Artillery 4to, half morocco, 16 00 

Durand's Resistance and Populsion of Ships 8vo, 6 00 

* Dyer's Handbook of Liffht Artillery 12mo, 3 00 

Eissler's Modern High Explosives 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, 2 00 

Hamilton's The Gunner's Catechism ISmo, 1 GO 

* Hoff's Elementary Naval Tactics 8vo, 1 60 

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

* " BaUistio Tables 8vo, 160 

Lyons's Treatise on Electromagnetic Phenomena 8vo, 6 00 

*Mahan'8 Permanent Fortifications. (Mercur.)..8vo, half mor., 7 60 

Manual for Courts-martial 16mo, morocco, 1 60 

* Mercur's Attack of Fortified Places 12mo, 2 00 

* " Elements of the Art of War 8vo, 4 00 

Metcalf s Cost of Manufactures — ^And the Administration of 

Workshops, Public and Private 8vo, 6 00 

* ^ Ordnance and Gunnery 12mo, 6 00 

Murray's Infantry Drill Regulations 18mo, paper, 10 

* Phelps's Practical Marine Surveying 8vo, 2 60 

rowell's Army Officer's Examiner 12mo, 4 00 

Sluurpe's Art of Subsisting Armies in War 18mo, morocco, 1 60 

Walke's Lectures on Explosives 8vo, 4 00 

* Wheeler's Siege Operations and Military Mining ^. .8vo, 2 00 

Winthrop's Abridgment of Military Law 12mo, 2 60 

^^'oodhul^s Notes on Military Hygiene 16mo, 1 60 

Young's Simple Elements of Navigation 16mo, morocco, 1 00 

Second Edition, Enlarged and Revised 16mo, mor., 2 00 

S 



AssAYnra. 

Fletcher's Practical Inatructions in Quantitative Assaying with 

the Blowpipe 12mo, morocco, 1 60 

Furman's Manual of Practical Assaying 8vo, 3 00 

Miller's Manual of Assaying 12m0y 1 00 

O'Drisooll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Wilson's Cyanide Processes 12mo, 1 60 

" Chlorination Process 12mo, 160 

ASTBONOMT. 

Craig's Azimuth 4to, 8 60 

Doolittle's Treatise on Practical Astronomy 8yo, 4 00 

Core's Elements of Geodesy 8yo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy. . . .8vo, 2 60 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy. 

12mo, 2 00 

BOTAHT. 

Baldwin's Orchids of New England Small 8vo, 1 50 

Davenport's Statistical Methods, with Special Reference to Bio- 
logical Variation 16mo, morocco, 1 25 

Thom6 and Bennett's Structural and Physiological Botany. 

16mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 

CHEUSTBT. 

Adriance's Laboratory Calculations and Specific Gravity Tables. 

12mo, 1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) (In preparation.) 

Austen's Notes for Chemical Students 12mo, 1 50 

Bemadou's Smokeless Powder. — ^Nitro-cellulose, and Theory of 

the Cellulose Mciecule I2mo, 2 60 

Bolton's Quantitative Analysis 8vo, 1 50 

Brush and Penfleld's Manual of Determinative Mineralogy...8vo, 4 00 
Classen's Quantitative Chemical Analysis by Electrolysis. (Her- 

rick— Boltwood.) 8vo, 3 00 

Cohn's Indicators and Test-papers 12mo, 2 00 

Craft's Short Course in Qualitative Chemical Analysis. (Schaef- 

fer.) 12mo, 2 00 

Drechsel's Chemical Reactions. (Merrill.) 12mo, 1 25 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Presoott.) . . . .8vo, 3 00 
Erdmann's Introduction to Chemical Preparations. (Dunlap.) 

12mo, 1 25 
Fletcher's Practical Instructions in Quantitative Assaying with 

the Blowpipe 12mo, morocco, 1 60 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius'sManual of Qualitative Chemical Analysis. (Wells.) Svo, 5 00 
" Manual of Qualitative Chemical Analysis. Part L 

Descriptive. (Wells.) 8vo. 3 00 

** System of Instruction in Quantitative Chemical 

Analysis. (Allen.) 8vo, 6 00 
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* Wheeler's Elementary Course of Civil £2ngineering Svo, 4 00 

Wilson's Topographic Surveying 8vo, 3 60 

BKIDOES AND BOOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway 

Bridges 8vo, 2 00 

* Boiler's Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Tnuses, 

Arched Ribs, and Suspension Bridges Svo, 3 50 

Du Bois'a Mechanics of Eingineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Coffer-dam Process for Piers 8vo, 2 50 

Greene's Roof Trusses. 8vo, 1 25 

" Bridge Trusses 8vo, 2 50 

** Arches in Wood, Iron, and Stone 8vo, 2 60 

Howe's Treatise on Arches 8vo, 4 00 

" Design of Simple Roof- trusses in Wood and Steel . 8vo, 2 00 
Johnsofn, Bryan and Tumeaure's Theory and Practice in the 

Designing of Modem Framed Structures Small 4to, 10 00 

Herriman and Jacoby's Text-book on Roofs and Bridges: 

Part I.— Stresses in Simple Trusses 8vo, 2 50 

Part n.— Graphic Statics 8vo, 2 50 

Part III.— Bridge Design. Fourth Ed., Rewritten 8vo, 2 60 

Part rV.— Higher Structures 8vo, 2 60 

Horison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket Book for Bridge Engineers. 

16mo, mor., 3 00 

" Specifications for Steel Bridges 12mo, 1 26 

Wood's Treatise on the Theory of the Construction of Bridges 

and Roofs 8vo, 2 Od 

Wright's Designing of Draw-spans: 

Part I.— Plate-girder Draws 8vo, 2 60 

Part II. — Riveted-truss and Pin-connected Long-span Draws. 

8vo, 2 60 

Two parts in one volume 8vo, 8 60 

HTSBAUIICS. 

Badn's Experiments upon the Contraction of the Liquid Vein 

Issuing from an Orifice. (Trautwine.) 8vo, 2 00 

Bov«y's Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics of Engineering 8vo, 6 00 

" Diagrams of Mean Velocity of Water in Open Channels 

paper, 1 60 

Coffin's Graphical Solution of Hydraulic Problems. . 16mo, mor., 2 60 

Slather's Dynamometers, and the Measurement of Power. 12mo, 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Frisell's Water-power 8vo, 6 00 

VMrtes's Water and Public Health 12mo, 160 

*• Water-filtration Works 12mo, 2 60 

Oangnillet and Kutter's General Formula for the Uniform 
Flow of Water in Rivers and Other Channels. (Her- 

ing and Trautwine.) 8vo, 4 00 

Haien's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, 2 60 

Herschel's 116 Experiments on the Carrying Capacity of Large, 

Riveted, Metal Conduits 8vo, 2 00 
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Miaou's Wat«Mupply. (Considered Principally from » Scni* 

tary Standpoint.) Svo, 4 00 

Merriman's Treatise on Hydraulics 8to, 4 00 

* Mkhie's Elements of Analytical Mechanics Syo, 4 00 

Schuyler's RMenroirs for Irrigation, Water-power, and Domestic 

Water-supply Large Sro, 6 00 

Tomeanre and Russell. Public Water-supplies 8to, 6 00 

Wegmann's Design and Construction of Dams 4t0f 5 00 

" Water-supply of the City of New York from 1668 to 

1896 4to, 10 00 

Welsbach's Hydraulics and Hydraulic Motors. (Du Boii.) . .8tO| 6 Oi 

Wilson's Manual of Irrigation Engineering Small 8yo, 4 00 

Wolff's Windmill as a Prime Morer 8yo, 3 00 

Wood's Turbines 8to, 2 60 

" Blements of Analytical Mechanics Sto, 3 00 



MATEBIALS OF ENOINEEBINO. 

Baker's Treatise on Masonry Construction 8vo, 6 00 

Black's United States Public Works Oblong 4to, 6 00 

Bovey's Strength of Materials and Theory of Structures 8yo, 7 60 

Burr's Elasticity and Resistance of the Materials of Engineer- 
ing ,. .8vo, 6 00 

Byrne's Highway Construction 8vo, 6 00 

" Inspection of the Materials and Workman^ip Em- 
ployed in Construction 16mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 7 60 

Johnson's Materiala of Construction Large Svo, 6 00 

Keep's Caat Iron 8yo, 2 60 

Lanza's Applied Mechanics 8yo, 7 60 

Martens's Handbook on Testing Materials. (Henning.).2 ▼., 8vo, 7 60 

Merrill's Stones for Building and Decoration 8yo, 6 00 

Merriman's Text-book on the Mechanics of Materiala 8yo, 4 00 

Merriman's Strength of Materials 12mo, 1 00 

Metcalf s Steel. A Manual for Steel-users 12mo» 2 00 

Patton's Practical Treatise on Foundations 8to, 6 00 

Rockwell's Roads and Pavements in France 12mo, 1 26 

Smith's Wire: Its Use and Manufacture Small 4to^ 8 00 

" Materials of Machines 12mo, 1 00 

Snow's Principal Species of Wood: Their Characteristic Proper- 
ties, (in preparaHon,) 

Spalding's Hydraulio Cement 12mo, 2 00 

'* Text-book on Beads and Pavements 12mo, 2 00 

Thurston's Materials of Engineering 3 Parts, 8vo, 8 00 

Part I. — Non-metallic Materials of Engineering and Metal- 
lurgy 8vo, 2 00 

Part II.— Iron and Steel 8vo, 3 60 

Part III.— A Treatise on Brasses, Bronzes and Other Alloys 

and Their Constituents 8vo, 2 60 

Thurston's Text-book of the Materials of Construction 8vo, 6 00 

Tillson's Street Pavements and Paving Materials 8vo, 4 00 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.) 

16mo, morocco, 8 00 

** Specifications for Steri Bridges 12mo, I 26 

Wood's Treatis* on the Resistance of Materials, and an Ap- 
pendix on the Preservation of Timber 8vo, 8 00 

" Elements of Analytical Mechanics 8vo, 8 00 
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SAHWAT ENOINEEAnrO. 

Andrews's Handbook for Street Railway Engineers. 3x5 in. mor., 1 25 

Berg's Buildings and Structures of American Railroads.. .4to, 5 00 

Brooks's Handbook of Street Railroad Location.. 16mo, morocco, 1 60 

Butts's Ciyil Engineer's Field-book 16mo, morocco, 2 50 

Grandall's Transition Curve 16mo, morocco, X 50 

" Railway and Other Earthwork Tables 8vo, 1 60 

Dawson's Electric Railways and Tramwars. Small 4to, half mor., 12 50 

** ''Engineering" and Mectric Iraction Pocket-book. 

16mo, morocco, 4 00 

Dredge's History of the Pennsylvania Railroad: (1870.) .Paper, 5 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. 

4to, half morocco, 25 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. 

16mo, morocco, 2 50 

Howard's Transition Curve Field-book 16mo, morocco^ 1 50 

Hudson's Tables for Calculating the Cubic Contents of Exca- 
vations and Embankments 8vo, 1 00 

Naffle's Field Manual for Railroad Engineers. . . . 16mo, morocco, d 00 

PhObrick's Field Manual for Engineers 16mo, morocco, 3 00 

Pratt and Alden's Street-railway Road-bed 8vo, 2 00 

fiearles's Field Engineering 16mo, morocco, 3 00 

" Railroad Spiral ^ . . . 16mo, morocco, 1 50 

Tbylor's Prismoidal Formulss and Earthwork 8vo, 1 50 

* Ttautwine's Method of Calculating the Cubic Contents of Ex- 

cavations and Embankments by the Aid of Dia- 

jnmms 8vo, 2 00 

• " The Field Practice of Laying Out Circular Curves 

for Railroads 12mo, morocco, 2 50 

• " Cross-section Sheat Paper, 25 

Webb's Railroad Construction 8vo, 4 00 

Wellington's Economic Theory of the Location of Railways. . 

Small 8vo, 5 00 



DKAwnra. 

Barr's Kinematics of Machinery 8vo, 2 50 

• Bartlett's Mechanical Drawing 8vo, 8 00 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Durley's Elementary Text-book of the Eanematics of Machines. 

{In preparation.) 

Hill's Text-book on Shades and Shadows, and Perspective.. 8 vo, 2 00 
Jones's Machine Design: 

Part I.— Kinematics of Machinery 8vo, 1 50 

Furt n.— Fonn, Strength and Proportions of Parts 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

" Kinematics; or. Practical Mechanism 8vo, 5 00 

" Mechanical Drawing 4to, 4 00 

•• Velocity Diacrama 8vo, 1 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 60 

Mahan's Industrial Drawing. (Thompson.) 8vo, 3 60 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

" Text-book of Mechanical Drawing and Elementary Ma- 
chine Design 8vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 
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Smith's Manual of Topographical Drawing. ( McMillan. ).8yo, 2 50 
Warren's Elements of Plane and Solid Free-hand Geometrical 

Drawing 12mo, 1 00 

** Drafting Instruments and Operations 12mo, 1 25 

** Manual of Elementary Projection Drawiiu^. . . . 12mo» 1 50 
'* Manual of Elementary Problems in the Linear Per- 
spective of Form and Shadow 12mo, 1 00 

" Plane Problems in Elementary Geometry 12mo, 1 26 

" Ptimary Geometry 12mo, 76 

" Elements of Descriptive Geometry, Shadows, and Per- 
spective 8vo, 3 50 

" General Problems of Shades and Shadows 8vo, 3 00 

" Elements of Machine Construction and Drawing. .8vo, 7 60 
" Problems, Theorems, and Examples in Descriptive 

Geometry 8vo, 2 50 

Weisbach's Kinematics and the Power of Transmission. (Herr- 
mann and Klein.) 8vo, 6 00 

Whelpley's Practical Instruction in the Art of Letter En- 
graving 12mo, 2 00 

Wilson's Topographic Surveying 8vo^ 3 50 

Wilson's Free-hand Perspective 8vo, 2 50 

Woolf s Elementary Course in Descriptive Geometry. . Large 8vo, 3 00 



ELECTSICITT AND FHTSICS. 

Anthony and Brackett's Textrbook of Physics. (Magie.) 

Small 8vo, 3 00 
Anthony's Lecture-notes on the Theory of Electrical Measur- 

ments 12mo, 1 00 

Benjamin's History of Electricity 8vo, 3 00 

Benjamin's Voltaic Cell 8vo, 8 00 

Classen's Qantitative Chemical Analysis by Electrolysis. Her- 

rick and Boltwood.) 8vo, 3 00 

Cr^ore and Squier's Polarizing Photo-chronomnh 8vo, 3 00 

Dawson's Electric Railwavs and Tramways..Smafi 4to, half mor., 12 60 
Dawson's "Engineering''^ and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Ilather's Dynamometers, and the Measurement of Power. . 12mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50 

Holman's Precision of Measurements 8vo, 2 00 

" Telescopic Mirror-scale Method, Adjustments, and 

Tests Large 8vo, 76 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Le CSiatelier's High-temperature Measurements. (Boudouard — 

Burgess.) 12mo, 3 00 

LSfs Electrolysis and Electrogynthesis of Organic Compounds. 

(Lorena.) 12mo, 1 00 

Lyona's Treatise on Electromagnetic Phenomena 8vo, 00 

*Michie. Elements of Wave Motion Relating to Sound and 

Light 8vo, 4 00 

Mlaudet's Elementary Treatise on Electric Batteries (Fish- 
back.) 12mo, 2 50 

^ Parshall and Hobart's Electric Generator8..SmaIl 4to, half mor., 10 00 
Ryan, Norris, and Hoxie's Mectrical Machinery. {In preparation.) 

liittrston's Stationary Steam-engines 8vo, 2 50 

* TiUman. Elementairy Lessons in Heat 8vo, 1 60 

Tory and Pitcher. Manual of Laboratory Physics. .Small 8vo, 2 00 
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LAW. 

•Davis. Elements of Law 8vo, 2 60- 

• " Treatise on the Military Law ol United States. .8vo, 7 00 

• Sheep, 7 60^ 

Manual for Courts-martial 16mo, morocco, 1 60 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 60 
** Law of Operations Preliminary to Construction in B^- 

gineering and Architecture Svo, 6 00 

Sheep, 6 50 

*' Law of Contracts 8vo, 3 00 

Winthrop's Abridgment of Military Law 12mo, 2 60 

MANTTFACTTTBES. 

Beaumont's Woollen and Worsted Cloth Manufacture. . . .12mo, 1 60 
Bemadou's Smokeless Powder — ^Nitro-celluloee and Theoiy of 

the Cellulose Molecule r2mo, 2 60 

Holland's Iron Founder 12mo, cloth, 2 60 

" " The Iron Founder " Supplement 12mo, 2 60 

" Encyclopedia of Founding and Dictionary of Foundry 

Terms Used in the Practice of Moulding. . . . 12mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.).. .8vo, 3 00 

Fitzgerald's Boston Machinist 18mo, I 00 

Ford's Boiler Making for Boiler Makers 18mo, 1 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron 8vo 2 60 

Leach's The Inspection and Analysis of Food with Special 
Reference to State Control. (/» preparation,) 

Metcalf 8 Steel. A Manual for Steel-users 12mo, 2 00 

Metcalfs Cost of Manufactures — ^And the xxdministration of 

Workshops, Public and Private 8vo, 6 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

• Reisig's Guide to Piece-dyeing 8voy 26 00 

Smith's Press-working of Metals 8vo, 3 00 

'* Wire: Its Use and Manufacture Small 4to, 3 00 

Spalding's Hydraulic Cement 12mo, 2 00 

Spencer's Handbook for Chemists of Beet^sugar Houses. 

16mo, morocco, 3 00 
** Handbook for Sugar Manufacturers and their Chem* 

ists lOmo, morocco, 2 OO 

Thurston's Manual of Steam-boilers, their Designs, Construc- 
tion and Operation 8vo, 5 00 

Walke's Lectures on Explosives 8vo, 4 00 

West's American Foundry Practice 12mo, 2 60 

" Moulder's Text-book 12mo, 2 60 

Wiechmann's Sugar Analysis Small 8vo, 2 60 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, 2 60 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 1 10 

• Bass's Elements of Differential Calculus 12mo, 4 00 

Briggs's Elements of Plane Analytic Qeometry 12mo, 1 00 

Chapman's Elementary Course in Theory of Equations. . .12mo^ 1 60 

Gompton's Manual of Logarithmic Computations I2mo, 1 60 
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Dayis'B Introduction to the Logic of Algebra 8to, 1 60 

*Dick8on'B College Algebra Large 12mo, I 60 

Halsted'B Elements of Geometry 8vo, 1 76 

" Elementary Synthetic Geometry 8vo, 1 60 

* Johnson's Three-place Logarithmic Tables: Vest-pocket size, 

pap., 16 

100 copies for 6 00 

• Mounted on heavy cardboard, 8 X 10 inches, 25 

10 copies for 2 00 
" Elementary Treatise on the Integral Calculus. 

Small 8yo, 1 60 

" Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

'' Treatise on Ordinary and Partial Differential 

Equations Small 8vo, 3 50 

'' Theory of Errors and the Method of Least 

Squares 12mo, 1 60 

• *• Theoretical Mechanics .12mo, 3 00 

Laplace's Philosophical Essay on ProbabUities. (Truscott and 

Emory.) 12mo, 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarith- 

mic and Other Tables 8vo, 3 00 

" Trigonometry. Tables published separately. .Each, 2 00 

Merriman and Woodward. Higher Mathematics 8vo, 6 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential 

Calculus Small 8vo, 3 00 

" Differential and Integral Cklculus. 2 vols. 

in one Small 8vo, 2 60 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

" Trigometry: Analytical, Plane, and Spherical.... 12mo, 100 



MECHANICAL ENOINEESINO. 

MATERIALS OF EN6INSERIN6, STEAM ENGINES 
AND BOILERS. 

Baldwin's Steam Heating for Buildings I2mo, 2 fM> 

Barr's Kinematics of Machinery 8vo, 2 60 

* Bartlett's Mechanical Drawing 8vo, 3 00 

Benjamin's Wrinkles and Recipes 12mo, 2 00 

Carpenter's Experimental Engineering 8vo, 6 00 

" Heatingand Ventilating Buildings Svo, 4 00 

Clerk's Gas and Oil Engine Small 8vo, 4 00 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Cromwell's Treatise on Toothed Gearing 12mo, I 60 

" Treatise on Belts and Pulleys 12mo, 1 60 

Durley's Elementary Text-book of the Kinematics of Machines. 

{In preparation,) 

Flather's Dynamometers, and the Measurement of Power . . 12mo, 3 00 

'* Rope Driving 12mo, 2 00 

Gill's Gas an Fuel Analysis for Engineers 12mo, 1 26 

Hall's Car Lubrication 12mo, 1 00 

Jones's Machine Design: 

Part I. — Kinematics of Machinery 8vo, 1 60 

Part n. — ^Form, Stren^h and Proportions of Parts 8vo, 3 00 

Kent's Mechanical Engineers' Pocket-book. . . . 16mo, morocco, 6 00 

Kerr's Power and Power Transmission 8vo, 2 00 
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MftcCord'8 Kinematiea; or. Practical Mechanism 8to, 5 00 

" Mechanical Drawing 4to, 4 00 

** Velocity Diagrams 8vo, 1 60 

Mahan'a Industrial Drawing. (Thompeon.) Syo, 3 50 

Poole's Oaloriflc Power of Fuels 8vo, 3 00 

Reid's Course in Mechanical Drawing. 8to, 2 00 

" Text-book of Mechanical Drawing and Elementary 

Machine Desion 8vo, 3 00 

Richards's Compressed Air 12mo, 1 60 

Robinson's Principles of Mechanism 8vo, 3 00 

Smith's Press-working of Metals 8yo» 3 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Biill Work 8yo, 3 00 

" Animal as a Machine and Prime Motor and the 

Laws of Bneigetics 12mo, 1 00 

Warren's Elements of Machine Construction and Drawing. .8vo, 7 60 
Weisbach's Kinematics and the Power of Transmission. (Herr- 
mann—Klein.) 8to, 5 00 

" Machinery of Transmission and Qovemors. (Herr- 

mann—fclein.) 8vOy 6 00 

" Hydraulics and Hydraulic Motors. (Du Bois.) .8T0y 6 00 

WoIfTs Windmill as a Prime Mover 8yo, 3 00 

Wood's Turbines 8yo, 2 60 

HATEBIALS OF ENOINEESnra. 

Bover's Stren^ of Materials and Theory of Structures. .8vo, 7 60 
Burrs Elasticity and Resistance of the Materials of Engineer- 
ing 8yo, 6 00 

Church's Mechanics of Engineering; Syo, 6 00 

Johnson's Materials of Construction Large 8yo, 6 00 

Keep's Cast Iron 8vo, 2 60 

Lanza's Applied Mechanics^ 8yo» 7 60 

Martens's Handbook on Testing Materials. (Henning.) . . . .8yo, 7 60 

Merriman'9 Text-book on the Mechanics of Materials.... 8yo, 4 00 

" Strength of Materials 12mo, 100 

Metcalfs Steel. A Manual for Steel-users 12mo, 2 00 

Smith's Wire: Its Use and Manufacture Small 4to, 3 00 

" Materials of Machines 12mo, 1 00 

Tliurston's Materials of Engineering 3 yols., 8yo, 8 00 

Part U.— Iron and Steel 8yo, 3 60 

Part m.— A Treatise on Brasses, Bronzes and Other Alloys 

and their Constituents 8yo, 2 60 

Tliurston's Text-book of the Materials of Construction Svo, 6 00 

Wood's IVeatise on the Resistance of Materials and an Ap- 
pendix on the Preservation of Timber. . . .* 8yo, 2 00 

" Elements of Analytical Mechanics 8yOf 8 00 

STEAH ENGINES AND BOUEBS. 

Camot's Reflections on the Motive Power of Heat (Thurston.) 

12mo, 1 60 
Dawson's " Engineering " and Electric Traction Pocket-book. 

16mo» morocco, 4 00 

Ford's Boiler Making for Boiler Makers 18mo, 1 00 

Goss's Looomotive Sparks Svo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy. 

12mo, 2 00 

Hutton's Mechanical Engineering of Power Plants Svo, 6 00 

" Heat and Heat-engines 8vo^ 6 00 
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Kent's Steam-boUer Beonomy 8yo, 4 00 

Kneass'B Practice and Theory of the Injector Svo, 1 60 

MacCord'8 Slide-yalyee 8vo, 2 00 

Meyer's Modem Locomotive Construction. 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator 12mo, 1 60 

** Tables of the Properties of Saturated Steam and 

Other Vapors 8vo, 1 00 

** Thermodynamics of the Steam-engine and Other 

Heat-engines Syo, 6 00 

" Valve-gears for Steam-engines 8to, 2 60 

Peabody and Miller. Steam-boilers Sto, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, 2 60 

Pupin's Thermodynamics of Reversible Gydes in Oases and 

Saturated Vapors. (Osterberg.) 12mo, 1 26 

Reagan's Locomotive Mechanism and Ekigineering 12mo, 2 00 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 6 00 

Sinclair's Locomotive Engine Running and Management. . 12mo, 2 OCT 

Smart's Handbook of Engineering Laboratory Practice. . 12mo, 2 60 

Snovr'a Steam-boiler Practice 8vo, 8 00 

Spangler's Valve-gears 8vo, 2 60 

^ Notes on Thermodynamics 12mo, 1 00 

Thurston's Handy Tables 8vo, 1 60 

" Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I.— History, Structure, and llieory 8vo, 6 00 

Part II. — Desiffn, Construction, and Operation 8vo, 6 00 

Thurston's Handbook of E«ngine and Boiler Trials, and the Use 

of the Indicator and the Prony Brake 8vo, 6 00 

*^ Stationary Steam-engines 8vo, 2 60 

" Steam-boiler Elzplosions in Theory and in Prac- 
tice I2mo, 1 60 

" Manual of Steam-boilers, Their Designs, Construc- 
tion, and Operation 8vo, 6 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Boi8.)..8vo, 5 00 

Whitham's Steam-engine Design 8vo, 6 00 

Wilson's Treatise on Steam-boilers. (Flather.) 16mo, 2 60 

Wood's Thermodynamics, Heat Motors, and Refrigerating 

Machines 8vo, 4 00 

MECHANICS AND HACHDIEBY. 

Barr's Kinematics of Machinery 8vo, 2 60 

Bovey's Strength of Materials and Theory of Structures. .8vo, 7 60 

Chordal.— Extracts from Letters 12mo, 2 00 

Church's Mechanics of Engineering 8vo, 6 00 

" Notes and Examples in Mechanics 8vo, 2 00 

Compton's First Lessons in Metal-working 12rao, 1 60 

Compton and De Groodt The Rpeed Lathe 12mo, 1 60 

Cromwell's Treatise on Toothed Grearing 12mo, 1 60 

" Treatise on Belts and Pulleys 12mo, 1 60 

Dana's Text-book of Elementary Mechanics for the Use of 

Colleges and Schools 12ino, 1 60 

Dinfrey's Machinery Pattern Making 12Tno, 2 00 

Dred^'s Record of the Transportation Exhibits Building of the 

World's Columbian Exposition of 1803 4to, half mor., 6 00 

Du Bois's Elementary Principles of Mechanics: 

Vol. I.— Kinematics 8vo, S 60 

Vol. n.— Statics 8vo. 4 00 

Vol. m.— Kinetics 8vo, 8 60 

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 7 50 

Vol.n SmaU 4to, 10 00 
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lynrley's Elementary Text-book of the Kinematics of Madiineti 

(In prepatxttion,) 

Fitzgerald's Boston Machinist 16mo, 1 00 

Blather's Dynamometers, and the Measurement of Power. 12mo, 3 00 

" Hope Driving 12mo, 2 00 

Gosb's Locomotive Sparks 8vo, 2 00 

Hall's Gar Lubrication 12mo, 1 00 

Holly's Art of Saw Filing 18mo, 76 

* Johnson's Theoretical Mechanics 12mo, 3 00 

Johnson's Short Course in Statics by Graphic and Algebraic 

Methods. {In preparation.) 
Jones's Machine Design: 

Part L — ^Kinematics of Machinery 8vo, 1 50 

Part n.— Form, Strength and Proportions of Parts. ...8vo, 3 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Lanza's Applied Mechanics 8vo, 7 60 

* MacCord's Kinematics; or. Practical Mechanism 8yo, 6 00 

" Velocity Diagrams 8vo, 1 60 

Merriman's Text-book on the Mechanics of Materials 8vo, 4 00 

* Michie's Elements of Analytical Mechanics 8yo, 4 00 

Besffan's Locomotive Mechanism and Engineering. ...... 12mo, 2 00 

Reid's Course in Mechanical Drawing 8vo^ 2 00 

" Text-book of Mechanical Drawing and Elementary 

Machine Design 8vo, 8 00 

Richards's Compressed Air 12mo, 1 60 

Robinson's Principles of Mechanism 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. {In preparation,) 

Sinclair's Locomotive-engine Running and Management. . 12mo, 2 00 

Smith's Press-working of Metals 8vo, S 00 

" Materials of Machines 12mo, 1 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Mill Work 8vo, 8 00 

" Animal as a Machine and Prime Motor, and the 

Laws of Energetics 12mo, 1 *00 

Warren's Elements of Machine ConBtruction and Drawing. .8vo, 7 60 
Weisbach's Kinematics and the Power ol Transmission. 

(Hemnan — ^Klein.) 8vo, 6 00 

" Machinery of Transmission and Governors. (Herr- 

(man— Klein.) 8vo, 6 00 

Wood's Elements of Analytical Mechanics 8vo, 8 00 

" Principles of Elementary Mechanics 12mo, 1 26 

« Turbines 8vo, 2 60 

The World's Columbian Exposition of 1893 4to^ 1 00 

HETALLVBOY. 

E^leston's Metallurgy of Silver, Gold, and Mercury: 

Vol. LHSilver 8vo, T 60 

Vol. U. — Gold and Mercury 8vo, 7 60 

♦♦ Ees's Lead-smelting 12mo, 2 60 

Keep's Cbst Lron 8vo, 2 60 

Kunhardt's Practice of Ore Dressing in Ltirope 8vo, 1 60 

Le Chatelier's High-temperature Measurements. (Boudouard — 

Burgess.) 12mo, S 00 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Smith's Materials of Machines 12mo, 1 GO 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part IL— Iron and Steel 8vo, 3 6U 

Part in.— A Treatise on Brasses, Bronses and Other Alloys 

and Their Constituents 8vo, 2 60 
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1 00 


1 26 
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4 00 


1 50 


1 00 


2 00 


2 60 



KUnSBALOOT. 

Burringer's Description of Hfinerals of Commercial Value. 

Oblong, morocco, 

Boyd's Resources of Southwest Virginia 8vo, 

" Map of Southwest Virginia Pocket-book form, 

Brush's Manual of Determinative Mineralogy. (Penfleld.).8vo, 

Chester's Catalogue of Minerals 8vo, paper, 

Cloth, 

" « Dictionary of the Names of Minerals Svo, 

Dana's System of Mineralogy Large 8to, half leather, 

" Krst Appendix to Deoia's New ** System of Mineralogy." 

Large 8vo, 

*• Text-book of Mineralogy 8vo, 

** Minerals and How to Study Them 12mo, 

" Oataloffue of American Localities of Minerals. Large Svo, 

" Manual of Mineralogy and Petrography 12mo, 

Egleston's Ogttalosue of Minerals and Synonyms Svo,. 

Hussak's The Determination of Rock-forming Minerals. 

(Smith.) Small 8vo, 2 00 

* Penfleld's Notes on Determinative Mineralogy and Record of 

Mineral Tests 8vo, paper, 60 

Rosenbusch's Microscopical Physiography of the Rock-making 

Minerals. (Iddmg's.) 8vo, 6 00 

* Tillman's Text-book of Important Minerals and Rocks. .8vo, 2 00 
Williams's Manual of Lithology 8vo, 3 00 



Mnrnro. 

Beard's Ventilation of Mines 12mo, 2 60 

Boyd's Resources of Southwest Viiginia 8vo, 8 00 

« Map of Southwest Virginia Pocket-book form, 2 00 

* Drinker's Tunneling, Explosiye Compounds, and Rock 

Drills 4to, half morocco, 25 00 

Eissler's Modem High Explosives Svo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Qoodyear's CMl-mines of the Western Coast of the United 

States 12mo, 2 50 

Ihlseng's Manual of Mining Svo^ 4 00 

♦♦ ne^s Lead-smelting 12mo, 2 60 

Kunhardt's Practice of Ore Dressing in Europe Svo, 1 60 

ODriscoll's Notes on the Treatment of Qold Ores Svo, 2 00 

Sawyer's Accidents in Mines.. Svo, 7 00 

Walke's Lectures on Explosives Svo, 4 00 

ITHlson's Cyanide Processes 12mo, 1 60 

Wilson's CSilorination Process 12mo, 1 60 

Wflson's Hydraulic and Placer Mininff 12mo, 2 00 

Wilson's Treatise on Practical and Theoretical Mine Ventila- 
tion 12mo, 1 25 

SANITABY SCIENCE. 

Folwell's Sewerage. (Designing, Construction and Maintenance.) 

Svo, 8 00 

" Water-supply Engineering Svo, 4 00 

Fnertes's Water and Public Health 12mo, 150 

•• Water-filtration Works 12mo, 2 60 
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Gerhard's Guide to Sanitary HouM-inspectioir 16mo, 1 00 

Goodrich's Economical Dispotal of Towns' Refuse. . .Demy Sto, 8 00 

Haasen's filtration of Publio Water-supplies 8to, S OD 

Kiersted's Sewage Disposal 12mo, 1 26 

Leach's The Inspection and Analysis of Food with Special 

Reference to State Control. {In preparation.) 
Mason's Water-supply. (Considered Ftincipally from a San- 
itary Standpoint. 3d Edition, Rewritten 8vo, 4 00 

« Examination of Water. (Chemical and Bacterio- 
logical.) 12mo, 1 26 

lierriman's Elements of Sanitarv Engineering 8vo, 2 00 

Nichols's Water-supply. (Considered Mainly from a Chemical 

and SaniUry Standpoint) (1883.) 8to, 2 00 

Ogden's Sewer Design 12mo, 2 00 

^Price's Handbook on Sanitation 12mo, 1 60 

Richards's Cost of Food. A Study in Dietaries 12mo, 100 

Richards and Woodman's Air, Water, and Food from a Sani- 
tary Standpoint 8yo, 2 00 

lUchards's Cost of Living as Modified by Sanitary Science. 12mo, 1 00 

♦ Richards and Williams^s The Dietary Computer 8vo, 1 60 

Rideal's Sewage and Bacterial Purification of Sewage Svo, S 60 

Tumeaure and Russell's Public Water-supplies 8to, 6 00 

Whipple's Microscopy of Drinking-water 8yo, 3 60 

WoodhuU's Notes on Military Hygiene 16mo, 1 60 



HISCELLANEOITS. 

Barker's Deep-sea Soundings 8vo, 2 00 

SmmoiAS's Geological Guide-book of the Rocky Mountain Ex- 
cursion of the International Congress of Geologists. 

Large 8vo, 1 60 

Perrel's Popular Treatise on the Winds 8yo, 4 00 

Haines's American Railway Management 12mo, 2 60 

Mott's Composition, Digestibility, and Nutritive Value of Food. 

Mounted chart, 1 26 

" Fallacy of the Present Theory of Sound 16mo, 1 00 

Ricketts's History of Rensselaer Polytechnic Institute, 1824- 

1894 Small 8vo, 3 00 

Rotherham's Emphasised New Testament ..Large 8vo, 8 00 

" Critical Emphasised New Testament 12mo, 1 60 

Steel's Treatise on the Diseases of the Dog 8vo, 3 60 

Totten's Important Question in Metrology 8vo, 2 60 

The World's Columbian Exposition of 1893 4to, 1 00 

Worcester and Atkinson. Small Hospitals, Establishment and 
Maintenance, and Suggestions for Hospital Architecture, 

with Plans for a Small Hospital 12mo, 1 26 



HEBREW AND CHAIDEE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language 8vo, 8 OO 

" Elementary Hebrew Grammar 12mo, 1 26 

" Hebrew Chrestomathy ^. 8vo, 2 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament 

Scriptures. (Tregelles.) Small 4to, half morocco, 6 00 

Letteris's Hebrew Bible 8vo, 2 26- 
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